Chapter 2 — Public Participation, Issue

ldentification, and Alternatives

his chapter covers five primary topics. First, it describes the process used to

obtain the public’s concerns and identifies the issues raised by the public.
Then, it describes the process used to develop the alternatives considered in this
analysis. Third, it describes the project alternatives analyzed in detail. The spe-
cific features of these alternatives are fully described. Fourth, it identifies each
alternative dropped from detailed consideration and briefly describes the reason-
ing for the exclusion. Finally, it summarily presents, in comparative form, the
components and environmental effects of the alternatives analyzed in detail and
identifies the agencies’ preferred alternative.

Public Participation

The BLM and FS consider public participation a crucial component in defining
the scope of the environmental analysis presented in this EIS. Consequently, the
agencies worked to ensure the public was informed about the Companies’ pro-
posal and the opportunities available for participating in the environmental proc-
ess.

The agencies first informed the public of the BLM and FS’ intent to conduct an
environmental impact analysis of oil and gas development within the PRB during
May and June 2000. In May, the agencies prepared and mailed almost 900 copies
of a Scoping Letter, which solicited comments from its readers to assist the BLM
and FS in identifying the specific issues and concerns the agencies should ad-
dress in the analysis and document in the EIS.

On 21 June 2000, formal scoping for the analysis began with publication in the
Federal Register of a Notice of Intent (NOI) to prepare an EIS. The BLM pub-
lished additional notices in the Federal Register to correct mistakes in the first
NOI and to invite the public’s participation in the analysis and potential amend-
ments to the Buffalo and Platte River Resource Management Plans.

The BLM also sent a news release to more than 60 media outlets (e.g., newspa-
pers, radio stations, and television stations) in Wyoming and Montana. This news
release announced the agencies’ intention to prepare an EIS and identified the
public meetings. Additionally, several newspapers prepared stories on the pro-
ject.

In addition to the publications and mailings, the agencies held four public meet-
ings to discuss the proposal and receive comments from the public. The first
meeting was held in Sheridan, Wyoming on 6 June 2000. The second and third
meetings were held in Buffalo, Wyoming and Gillette, Wyoming on 7 and 8 June
2000, respectively. The final meeting was held in Douglas, Wyoming on 12 June
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2000. At all meetings, the proposal was described and attendees were provided
the opportunity to ask questions and submit comments.

Finally, the BLM and FS have been keeping the public informed of the analysis’
status through a periodic newsletter and project-specific web site (www.prb-
eis.org). The BLM also placed project information on its Wyoming web site.

Issue ldentification and Issue Statements

The BLM and FS reviewed and analyzed the comments they received during the
scoping process. Public response to the notices and meetings included 74 letters,
comment forms, and e-mails. Also, a total of 106 people attended one or more of
the four public meetings.

The agencies’ process for identifying issues involved three overall steps. First,
specific comments were arranged into groups of common concerns. Next, a pri-
mary issue statement was prepared for each group of comments. Finally, the is-
sue statements were evaluated for applicability to this NEPA analysis.

The analysis of comments initially identified 27 issues. Eighteen of these 27 is-
sues were identified as key or significant issues (see November 2000 Scoping
Summary to review nonsignificant issues). These issues were used to define the
scope of this NEPA analysis. These key issues were used to analyze environ-
mental effects, prescribe mitigation measures, or both. Issues are “significant or
key” due to the extent of their geographic distribution, the duration of their ef-
fects, or the intensity of interest or resource conflict. The determination of an is-
sue’s significance is different than and separate from any determination of the
significance of an environmental consequence. The other nine issues were not
identified as key because they involved standard parts of a NEPA analysis (e.g.,
the analysis must consider an adequate range of alternatives) or the agencies de-
termined they were beyond the scope of this NEPA analysis. The 18 key issues
that comprised the overall scope of the NEPA analysis are:

Issue 1: The effects of the additional development of oil and gas resources on
aquifers present in and down gradient of the project area.

Respondents expressed concerns about the effects on local aquifers of depressur-
izing coal beds through the pumping of water. Landowners identified concerns
about the pumping causing them to lose the use of their existing water wells,
which are sources of water for the consumption of both humans and livestock.
Concerns include direct losses (loss of water wells drilled into coal aquifers) and
indirect losses (loss of water wells drilled into aquifers located above, but con-
nected with, the coal beds). Some respondents also are concerned that pumping
water from the coal seams could increase the potential for subsidence, which
could adversely affect aquifers. Because the availability of uninterruptible sup-
plies of ground water are important to the economic well-being of landowners in
the project area, respondents requested ground water modeling specifically to
address the rates of pumping, horizontal and vertical movement of ground water,
recharge of aquifers, interdependence of aquifers, permeability of overburden
and layers between the coal seams, and the cumulative effects of depletions due
to oil and gas and depletions resulting from coal mining.
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Issue 2: The effects of the additional development of oil and gas resources on
the quantity and distribution of surface water in and downstream of the
project area.

Many respondents expressed concerns about the volumes of surface water the
Companies would discharge from CBM wells into drainages across the project
area. Considering the potential number of wells and the rates projected for the
discharge of produced water from each well, discharges could be too great for
some channels to handle, which would cause sheet flows across lands instead of
flows constrained to the channels of streams. These volumes could overwhelm
the Companies and landowners’ abilities to contain or control the flow of water
across properties, which would affect the landowners’ uses of the properties. This
problem already is evident on some properties where channels have been re-
placed with spreader dikes. The additional volumes of water may also affect the
operation of reservoirs in and downstream of the project area. Consequently, re-
spondents thought the analysis should determine and disclose the volumes of
produced water expected by watershed (a single “type curve” for production
throughout the project area should not be used). Additionally, they suggested the
development of detailed watershed plans specifically to address these concerns.

Issue 3: The effects of the additional development of oil and gas resources on
the quality of surface water in and downstream of the project area and
the potential to adversely affect current uses of those surface waters.

Many respondents expressed concerns about the quality of produced water the
Companies would discharge into surface drainages and how that produced water
would affect the existing quality of surface water and other resources that depend
on that water. They cited incidental observations suggesting produced water may
impair surface waters by introducing metals (e.g., iron, manganese, and barium),
increasing the SAR, and increasing sedimentation; kill vegetation (e.g., sage-
brush and grass) with which it comes into contact; adversely affect lands and
crops irrigated with it; adversely affect sources of municipal water; and adversely
affect wildlife and livestock. Produced water also may alter the temperatures of
streams receiving the discharges. Concerns were greatest for rivers classified as
impaired (i.e., the Tongue, Powder, and Belle Fourche rivers in Montana and
South Dakota). Finally, respondents identified a need for long-term monitoring of
the quality of produced water discharged to surface waters.

Issue 4. The effects of the additional development of oil and gas resources on
the project area’s geology, geologic hazards, and the extraction of
other mineral resources present in the project area.

Respondents expressed concerns about the effects the additional development of
oil and gas resources may have on the extraction of other minerals in the project
area, particularly coal. Some questioned how the extent of development consid-
ered in the alternatives could adversely affect the mining companies’ ability to
mine coal. Also, they questioned whether the extraction of ground water from the
coal seams could increase the potential for subsidence such that it could ad-
versely affect the ability to mine coal or other minerals or whether any re-
injection of produced water could increase the potential for earthquakes. Areas
prone to landslides need to be considered. Respondents thought the inclusion of a
detailed map of the project area’s geology would help readers comprehend the
situation more completely.
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Issue5: The effects of the additional development of oil and gas resources on
soilsin and downstream of the project area.

Respondents expressed concerns about the project increasing the loss of topsoil
through erosion (via both water and wind), particularly where the Companies
would discharge the produced water. Other concerns include the project’s poten-
tial for increasing the compaction of soils and adversely affecting local soils’
structure and fertility.

Issue 6: The effects of the additional development of oil and gas resources on
air quality and visibility.

Respondents expressed concerns about the effects of the additional oil and gas
development on the project area’s visibility and quality of air. Construction of
new roads and facilities and increases in traffic would result in increases in par-
ticulates. Construction of new gas-fired compressors and increases in the vol-
umes of traffic would result in additional gaseous emissions. These increases
could impair the quality of air and visibility, which also may affect the health of
humans, wildlife, and livestock (e.g., dust pneumonia). Concern also was ex-
pressed about long-term venting of methane and its potential effects to air qual-
ity. Respondents were concerned about the alternatives’ effects on visibility at
Class I areas within the project area’s effective airshed.

Issue 7: The effects of the additional development of oil and gas resources on
vegetation in and downstream of the project area, including wetlands
and riparian areas.

Respondents expressed concerns that the additional development of oil and gas
resources would adversely affect the project area’s vegetation generally and wet-
lands and riparian areas specifically. Construction of facilities would directly dis-
turb vegetation over both the short term and long term. Changes in the volumes
and rates of surface water flows could alter the distribution of vegetative cover
types. Wetlands and riparian areas would be most susceptible to changes in the
quantity and quality of surface waters. Areas with intermittent flows may experi-
ence perennial flows as development expands. Also, disturbances in the project
area could increase the potential for the spread of noxious plants at the expense
of displacing native vegetation.

Issue 8: The effects of the additional development of oil and gas resources on
species of wildlife and their habitats (particularly key species and habi-
tats).

Respondents expressed concerns that the additional oil and gas development
would directly, indirectly, and cumulatively affect species of wildlife and their
habitats. Species or groups of species for which they identified specific concerns
include raptors, sage grouse, sharp-tailed grouse, deer, elk, antelope, and water-
birds. The effects that concerned most respondents include the direct loss of habi-
tats (particularly crucial winter ranges for large deer, elk, and antelope), distur-
bance of animals by humans (including additional noise), fragmentation of habi-
tats (primarily through the construction of roads, well pads, and fences),
introduction of new perches for raptors, increases in hunting pressure, increases
in harassment, and project-induced increases in mortality (e.g., poaching,
trapping, poisoning, and roadkills).
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Issue 9: The effects of the additional development of oil and gas resources on
fisheries and aquatic habitats.

Respondents expressed concerns about the potential direct, indirect, and cumula-
tive effects of the additional oil and gas development on fisheries and the aquatic
habitats upon which they depend. The discharge of produced waters could affect
fisheries and aquatic habitats by altering the quantity, quality, and temperature of
waters in steams and rivers. These concerns were greatest for streams and rivers
containing special-concern species of fish and rivers classified as impaired (i.e.,
the Tongue, Powder, and Belle Fourche rivers in Montana and South Dakota).

Issue 10: The effects of the additional development of oil and gas resources on
the project area’ s ecological integrity and biological diversity.
Respondents expressed concerns that additional oil and gas development could
adversely affect the natural ecological integrity in and downstream of the project
area. The additional oil and gas development could alter the project area’s bio-
logical diversity by changing species composition, abundance, and the distribu-
tion of plants and animals. Because different species of wildlife require different
levels of habitat diversity, these changes are important to a number of species.
Areas specifically identified for being of importance to the conservation of bio-
logical diversity in the region include the Little Powder River (river banks and
adjacent upland sites), Powder River, and Upper Antelope Creek (including the

rolling uplands).

Issue 11: The effects of the additional development of oil and gas resources on
special-concern species, particularly threatened, endangered, candi-
date, or sensitive species of plants and animals.

Respondents expressed concerns that the additional oil and gas development
could adversely affect special-concern species, including species of plants and
animals listed as threatened or endangered, proposed for or identified as candi-
dates for listing as threatened or endangered, or identified as sensitive by the
BLM or Regional Forester. Species of particular concern to respondents include
the black-footed ferret, bald eagle, mountain plover, Ute ladies’-tresses orchid,
black-tailed prairie dog, swift fox, sturgeon chub, pallid sturgeon, shovelnose
sturgeon, and western silvery minnow. Some respondents noted the need for the
analysis to comply with Section 7 of the Endangered Species Act (ESA).

Issue 12: The effects of the additional development of oil and gas resources on
rangeland resour ces and grazing operations.

Respondents expressed concerns about the effects of the additional development
of oil and gas resources on rangeland resources and grazing operations. The po-
tential loss of water wells for livestock, changes in grazing patterns due to long-
term flooding of hayfields and winter ranges, and the consumption of lower-
quality produced water by livestock, are the primary concerns. Additional con-
cerns included fencing, the harassment of livestock, and the potential for project-
induced health problems (e.g., dust pneumonia and undernourishment).

Issue 13: The effects of the additional development of oil and gas resources on
cultural resources, paleontological resources, and Native Americans.

Respondents expressed concerns about the potential for the additional develop-
ment of oil and gas resources to adversely affect cultural resources, paleontologi-
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cal resources, and Native Americans. In addition to the direct and indirect distur-
bances associated with the construction of facilities, the discharge of produced
waters could increase streamflows sufficiently to disturb cultural resources pre-
sent in steambeds. Also, the Northern Cheyenne Indian Reservation, which is in
the Upper Tongue River watershed immediately downstream of the project area,
may experience adverse effects from the project.

Issue 14: The effects of the additional development of oil and gas resources on
recreational opportunities and the recreational experience.

Respondents expressed concerns about the degree to which the additional devel-
opment of oil and gas resources would alter the existing recreational setting and
experience. Activities would add new sources of noise that could diminish the
recreational experience. New roads would provide access for vehicles and pro-
mote an increase in human activity. Also, implementation of the additional de-
velopment could adversely affect the wildlife-related recreation (e.g., viewing
wildlife, hunting wildlife, and fishing). However, the development of certain fa-
cilities, such as reservoirs for impounding produced water, could enhance some
wildlife-related recreational opportunities by providing areas for viewing wild-
life, hunting waterfowl, or public fishing.

Issue 15: The effects of the additional development of oil and gas resources on
the project area’ s aesthetics.

Respondents expressed concerns about the effects of the additional development
of oil and gas resources on the project area’s aesthetics. Levels of noise would
increase with the addition of compressors, pumps, and traffic. Human activity
would become much more visible with the addition of many miles of roads, pipe-
lines, power lines, and fences. These additional features would affect the area’s
visual quality and cause conflicts with the BLM and FS’ visual management sys-
tems, which could affect the agencies’ management of federal lands in the project
area.

Issue 16: The effects of the additional development of oil and gas resources on
the local economy.

Respondents expressed concerns about the effects of the additional development
of oil and gas resources on the local economy. Some felt the additional develop-
ment would cause more damage to the local economy over the long term than
any monetary gain obtained from the leases, royalties, taxes, and jobs. Of particu-
lar concern is the discharging of large amounts of ground water onto the ground
surface because ground water is considered vital to the economic well being of
the rural communities and it should be attributed some economic value in the
analysis. Also of concern, are the effects on the availability of affordable hous-
ing, an adequate community infrastructure to support an influx of people (e.g.,
law enforcement, medical facilities, schools, and transportation network), and
property values. Some respondents identified concerns about the potential for the
project to affect employment and opportunities for employment in Montana by
attracting workers away from agriculture and other traditionally lower paying
occupations.
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Issue 17: The effects of the additional development of oil and gas resources on
human health and safety.

Several respondents expressed concerns about potential dangers or threats to hu-
man health and safety with the additional development of oil and gas resources.
These concerns included the potentials for and the effects of methane migrating
into residences and water wells and seeping out at outcrops (killing vegetation
and wildlife), spontaneous combustion of depressurized coals resulting in uncon-
trollable underground fires, contamination of drinking water aquifers by the
chemicals used in hydraulic fracturing, ruptures of pipelines, spills, illegal dump-
ing, and the application of treatments to roads (e.g., magnesium chloride).

Issue 18: The analysis needsto include an analysis of environmental justice.

Concerns were expressed about the potential of the additional development of oil
and gas resources to affect Native American Tribes in Montana. Of particular
concern are the Northern Cheyenne and Crow. At a minimum, an analysis of en-
vironmental justice should be completed for these Tribes.

Process Used to Develop Alternatives

The process of developing alternatives to the Proposed Action involved four
steps. First, the agencies conducted project scoping to identify the key issues of
concern. This scoping involved both internal agency and public concerns. It also
considered environmental and project-design elements.

The second step consisted of formulating alternatives to the proposal. Each alter-
native had to meet the purpose of and need for the project. Typically, driving is-
sues are identified that help the agencies define what changes need to be made to
avoid, eliminate, reduce, minimize, or mitigate effects that would result from im-
plementing the Proposed Action. The agencies identified three issues (Numbers
2, 3, and 6) as the potential driving issues for this EIS.

The third step involved screening the potential alternatives for reasonableness.
The NEPA process requires that alternatives evaluated in detail be reasonable.
The regulations for implementing NEPA provide a discussion of the need for
reasonable alternatives in the NEPA process (40 CFR 1500.1(e) and 1502.14).
Also, CEQ’s 40 Most Asked Questions about NEPA (Question 2a) state, in part,
that “reasonable alternatives include those that are practical or feasible from the
technical and economic standpoint and using common sense” (CEQ 1981).

Based on this direction, the agencies focused their screening of alternatives on
technical, environmental, and economic feasibility. Technical considerations in-
cluded the feasibility of constructing and operating the facilities. Environmental
considerations included the potential for significant effects and the feasibility of
successfully mitigating the effects of the alternative. Economic considerations
included potential costs and benefits of implementing the alternative.

Finally, unreasonable alternatives were dropped from detailed consideration. If

an alternative did not pass the technical, environmental, and economic screening
for feasibility, it was not considered any further in the analysis.
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Alternatives Considered in the NEPA Analysis

The process described above resulted in the development of several alternatives
that specifically responded to one or more key issues. Although a variety of al-
ternatives was developed, not all of the alternatives were analyzed in detail.
Some were determined to be unreasonable during the feasibility screening. Oth-
ers were eliminated after initial analysis indicated they were not reasonable or
conditions changed, such as the signing of the Interim Memorandum of Coopera-
tion (MOC) by Montana and Wyoming (Appendix B) to document their com-
mitments and intent to protect and maintain water quality conditions in the PRB
within Montana.

The alternatives developed for this NEPA analysis are described in two overall
sections. The alternatives analyzed in detail are described first. A section on Al-
ternatives Considered but Eliminated follows the alternatives analyzed in detail
(beginning on page 2—62).

Alternatives Analyzed in Detail

Three alternatives were analyzed in detail. They include the Proposed Action
(Alternative 1) and No Action Alternative (Alternative 3). Alternatives 2A and
2B are the Proposed Action with Reduced Emission Levels and Expanded Dis-
posed Water Handling Scenarios. The Proposed Action is described first. The
descriptions of alternatives 2 and 3 follow and focus on how they differ from the
Proposed Action.

In addition to the details presented below, the action alternatives (Alternatives 1,
2A, and 2B) include the Standard Conditions of Approval (COAs) for APDs that
the BLM has been requiring for oil and gas wells drilled into federal minerals in
the Project Area. These COAs are included as Appendix C.

Alternative 1 — Proposed Action

The Proposed Action is to continue development of CBM and conventional
oil/gas resources within the Project Area. It is projected that an additional 39,367
CBM wells and 3,200 conventional oil/gas wells would be developed over the
next ten years.

This alternative is a combination of the Companies’ proposal and the BLM’s
RFD Scenario. The BLM used the RFD Scenario’s moderate level of develop-
ment and the Companies’ proposal to establish the overall level of development
of CBM resources likely for this alternative. The Companies’ proposal provided
the basis for how the Companies would implement the CBM portion of the alter-
native (e.g., drilling, completion, operation, and reclamation). The BLM used the
RFD Scenario to establish the overall level of additional development of non-
CBM resources within the PRB.

The result of combining the Companies’ proposal and the RFD Scenario is a

Proposed Action that consists of two primary components. The first is the CBM
wells and their ancillary facilities. The second component is the non-CBM wells
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and their ancillary facilities. Because these two components use different tech-
nologies and techniques and involve different levels of disturbance, they are dis-
cussed separately.

Coal Bed Methane Development

Under this alternative, the Companies’ would drill, complete, and operate 39,367
new CBM wells within the Project Area over a 10-year period (Table 2—1). In-
cluding the 12,077 CBM wells already drilled or permitted for drilling in the Pro-
ject Area, the Companies would drill, complete, and operate 51,444 CBM wells
by the end of 2011 (Figure 2—1 and Table 2-2).

The Companies also would construct the ancillary facilities needed to support
these wells. The ancillary facilities include access roads; pipelines for gathering
gas and produced water; electrical utilities; facilities for measuring and
compressing gas; facilities for treating, discharging, disposing of, containing, or
injecting produced water; and pipelines for delivering gas to high-pressure trans-
mission pipelines. These transmission pipelines would deliver the gas to market.

The overall life of the Proposed Action, including drilling, production, and rec-
lamation, is expected to be about 20 years. Construction of the 39,367 new wells
would begin during 2002. The Companies would drill these wells over a 10-year
period (Table 2—1). The productive life of each well is expected to be about
7 years. Accordingly, production from at least some of the 39,367 new wells is
expected to last until 2018. Final reclamation of these wells would occur during
the two to three years following the end of production. Thus, the Proposed Ac-
tion would be completed around 2021.

In parts of the Project Area, several coal beds occur together. In these areas, the
standard practice presently is to drill a separate well to develop each coal bed.
Where possible, the Companies would collocate these wells on the same well
pad. Based on this practice of collocation and knowledge of where multiple gas-
productive coal beds exist, the BLM and Companies project the 39,367 new
wells would be drilled from about 26,000 well pads (Table 2—3). The total num-
ber of wells and well pads is based on an 80-acre well spacing pattern overall
(eight pads per square mile). Including the pads constructed for wells drilled be-
fore 2002, the 51,444 CBM wells would be distributed across almost 35,600 well
pads (Table 2—4 and Figure 2—1). The number of wells on a pad would range
from one to three.

Under the Proposed Action, the Companies would drill, operate, and maintain
wells and construct ancillary facilities in 10 of the 18 sub-watersheds that com-
prise the Project Area (Table 2—-5). However, most of the new wells (63 percent)
and facilities would be constructed in two sub-watersheds: the Upper Powder
River and Upper Belle Fourche River sub-watersheds. Other sub-watersheds with
relatively high numbers of wells and facilities include Clear Creek, Crazy
Woman Creek, Upper Tongue River, and Little Powder River.

Overall, implementation of the CBM portion of the Proposed Action could dis-

turb as many as 211,992 surface acres, most of which would be associated with
the construction of pipelines, roads, and water handling facilities (Table 2-6).
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Compressor stations would account for the smallest amount of the overall surface
disturbance. Short-term disturbance would encompass about 3 percent of the Pro-
ject Area.

Following reclamation of pipelines partial reclamation of other facilities, such as
well pads, the Proposed Action’s long-term disturbance from CBM development
would encompass about 108,800 acres (Table 2—7). The long-term disturbance is
a 45 percent reduction from the total short-term disturbance. The roads and water
handling facilities would comprise most of the long-term disturbance.

The following sections describe the Proposed Action in detail. Implementation
would occur in three primary phases: drilling of wells and construction of pro-
duction facilities, production and maintenance, and decommissioning and recla-
mation. Consequently, the detailed description of the Proposed Action is organ-
ized by these three primary phases.

Drilling of Wells and Construction of Production Facilities

This section describes the overall procedures, techniques, and resources the
Companies would use to construct roads, well pads, and ancillary production fa-
cilities and to drill, case, and complete the CBM wells.

Well Access Roads

Most roads to well pads (resource roads) would be developed in two steps. Ini-
tially, each road would be roughed in as a two-track road. Generally, the BLM
requires improved graded and graveled roads to non-CBM operations. However,
because the need to travel to the CBM wells is normally very limited, the BLM
has waived the blanket requirements for road improvements to minimize surface
disturbance. Any need for surfacing or other upgrading would be determined in
consultation with the BLM or other landowner based on site-specific conditions.
In some cases, roads may require upgrading before drilling the wells. However, if
the well is not completed successfully and is plugged, the road would be re-
claimed.

Unless work is needed to alleviate concerns about safety, environmental issues,
or access difficulties, the Companies would maintain roads used to access well
pads in a two-track status. Areas where work may be needed include stream
drainage crossings, low water crossings, and rough topography. Gravel may be
applied to problem areas. Also, travel on two-track roads would be rescheduled
or postponed during the infrequent periods of wet weather when vehicular traffic
could cause rutting.

The BLM’s experience in more rugged terrain, such as within the Powder River
drainage, suggests construction of a more substantial access road to the well pad
using cut and fill construction techniques may be necessary about 20 percent of
the time within the Project Area. Surface disturbance associated with crowning
and ditching (normally required by BLM’s general policy on design and con-
struction of oil and gas well access roads) would occur only as required for ac-
cess roads traversing steeper terrain or rough, broken topography, or in other ex-
ceptional site-specific circumstances.
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Figure2-1 Distribution of Existing and Proposed Wells Pads
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Chapter 2 — Public Participation, Issued Development, and Alternatives

In general, the Companies would reclaim access roads not needed for production
(e.g., access roads to plugged and reclaimed wells) as soon as practical. How-
ever, with the surface owner’s concurrence the Companies could leave in place
roads that have value for ranching or agricultural uses.

Well Pads

The minimum area required for a well pad would vary by company. Initially, the
sizes of well pads would range from a minimum of 0.3 acre (100 feet by
150 feet) to a maximum of about 0.7 acre (175 feet by 175 feet). Upon the suc-
cessful completion of a well, portions of the well pad not needed for production
equipment and activities would be reclaimed. Over the long-term, the size of well
pads would be reduced to a minimum of about 0.1 acre (75 feet by 75 feet) for
pads with one well to about 0.3 acre (115 feet by 115 feet) for pads with three
wells.

Construction at a well pad would be minimal. At level well pads, little clearing of
vegetation or soil would occur. At each drill site, a temporary mud pit approxi-
mately 6 feet deep, 10 feet wide, and up to 30 feet long, would be excavated,
used during drilling and completion operations, and then reclaimed.

In areas where the surface of the ground is too steep to allow a drill rig to set up
over native ground, the Companies would use limited cut and fill construction
techniques to level a work area. Use of cut and fill construction techniques for
well sites may be necessary an estimated 20 percent of the time. Areas disturbed,
but not needed for production, would be reclaimed as soon as practical after the
conclusion of drilling.

Drilling

Upon completion of the access road and preparation of the well pad (if needed), a
mobile drilling rig would be driven to the site and erected. Typically, the Com-
panies use a truck-mounted water well type of drilling rig to drill CBM wells in
the Project Area. Additional equipment and materials needed for drilling opera-
tions, including water, would be trucked to the site. On average, drilling would
require about 26,000 gallons (0.08 acre-feet) of water per well for preparing ce-
ment, stimulating the well, controlling dust, and drilling (non-toxic drilling mud
is required to handle certain down-hole conditions). Drilling mud usually is na-
tive mud and bentonite. As hole conditions dictate, small amounts of polymer
additives and/or potassium chloride salts may be added for cleaning the hole and
stabilizing clay.

The WOGCC and BLM currently require surface casing of 60 feet or 10 percent
of the total depth of the well be set with cement returns to the surface. The drill-
ing of individual wells proceeds as follows. A well is drilled to a depth of
350 feet to 1,500 feet or deeper to the top of a coal zone. The well control system
is designed to meet the conditions likely to be encountered in the hole and would
be in conformance with the BLM and State of Wyoming’s requirements. At a
minimum, the WOGCC and BLM require a diverter after surface casing is set.

Drilling and completion operations for a CBM well normally involves about 7 to
15, including personnel for logging and cementing activities. Each well would be
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Chapter 2 — Public Participation, Issued Development, and Alternatives

drilled within one to three days. When the target coal is reached, well production
casing would be placed and cemented. Placement of production casing (casing
the hole) would include the insertion of a steel pipe into the drill hole from the
bottom of the hole to the surface. Casing would be set into the hole one joint at a
time and would be threaded at one end with a collar located at the other end, to
connect each joint.

The casing would be cemented into place by pumping a slurry of dry cement and
water into the casing head, down through the casing string to the bottom, and
then up through the spacing between the casing and the well (annulus). A plug
and water flush then would be pumped to the bottom of the well to remove any
residual cement from the inside walls of the casing. Sufficient cement would be
pumped into the annulus to fill the space where it would be allowed to harden.

A cement bond log would be run on the well to ensure no voids remain in the
annulus. Cementing the annulus around the casing pipe restores the original
isolation of formations by creating a barrier to the vertical migration of fluids and
gas between rock formations within the borehole. It also protects the well by pre-
venting formation pressures from damaging the casing and retards corrosion by
minimizing contact between the casing and corrosive formation waters.

Once the cement sets up or hardens behind the casing, the coal zone would be
drilled using either air or water. The size of the hole in the coal below the casing
is enlarged using an upreamer bit that may extend out to an 18-inch diameter or
more. The well would be completed “open hole” in the coal without placing any
more steel casing in the hole.

After the coal zone is drilled, the open hole may be flushed with clean chlorin-
ated water (from approved and properly permitted facilities) to remove the coal
fines from the hole. Steel tubing then would be placed inside the casing and in
the open hole. A submersible electric pump would be placed on the bottom end
of the tubing to pump water from the coal. The size and capacity of the sub-
mersible pump would depend on the coal’s thickness and the rate of production
expected from the well. Most pumps are rated at 10 to 20 gallons per minute
(gpm). The water pressure in the coal zone must be reduced before gas (methane)
will flow to the open hole. The water would be pumped up the tubing to the sur-
face where, generally, it would be gathered in a pipeline for disposal. When the
gas is released from the coal, it flows up the space between the tubing and the
steel casing to the gas-gathering system and compressors at the surface.

Upon completion of the well, all disturbed areas not needed for production facili-
ties would be restored. The mud pit would be dried and backfilled. Seeding of
these areas takes place as soon as practicable.

Wells determined to be unsuccessful would be plugged, abandoned, and then re-
claimed. Abandonment would follow the procedures set forth by the WOGCC
and/or the BLM. Reclamation would be completed according to the BLM’s regu-
lations and/or the surface owner agreement.
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Chapter 2 — Public Participation, Issued Development, and Alternatives

Well Production Facilities

After well productivity is established, a small area of about 5 to 6 feet square
would be leveled and a weatherproof covering or box would be placed over the
wellhead. Usually, a metal fence or rail would be placed immediately around the
box and electrical panel to protect them from livestock. Meters to measure pres-
sure and rates of water production may be placed in the box. There would be no
pump jacks at the wellhead site; however, injection facilities, including some
treatment facilities, likely would be collocated at CBM wells. The power lines for
the submersible water pump would be laid in trenches, usually with water pipe-
lines, and would not be placed on poles. This would minimize the surface distur-
bance and visual impact of the Proposed Action.

Pipelines

Three types of pipelines would be constructed as part of the Proposed Action.
They are gas-gathering pipelines, produced water-gathering pipelines, and high-
pressure gas delivery pipelines. The gas-gathering and produced-water gathering
pipelines would conduct gas and produced water from the wells to compressor
facilities and produced-water discharge or disposal points, respectively. The
high-pressure gas pipelines would connect compressor facilities to the existing
and proposed transmission pipelines. Rights-of-way for the pipelines would vary
from 20 to 50 feet for polyethylene pipeline and 100 feet for steel pipelines.

All three types of pipelines would be installed along access roads to minimize
disturbance, except where topography or concerns of surface owners dictate oth-
erwise. Gas-gathering pipelines and produced water-gathering pipelines would be
placed together in the same trench/ditch. High-pressure pipelines would be in-
stalled in a separate ditch. Gas and produced water-gathering pipelines would be
constructed of polyethylene pipe with an outside diameter of 2 to 12 inches. The
high-pressure pipelines would be constructed of steel pipe with an outside diame-
ter of 12 to 16 inches.

Usually, the gas-gathering pipeline would be laid in a ditch constructed by a
small mechanical belt-ditching machine. This method of construction would in-
volve very little surface disturbance and the clearing of little or no vegetation.
The construction right-of-way for gas-gathering pipelines would range from 20 to
50 feet. The actual width of the trench would range from 18 to 36 inches.

Generally, the construction of pipelines would occur in a planned sequence of
operations and along roads where possible. Where feasible, trees would be
avoided. Brush and woody vegetation would be left in-place and driven over as
necessary (crushed but potentially capable of redeveloping a vegetative canopy).
If necessary, the path would be cleared of trees and heavy brush by brush beating
or lightly blading the surface. Soils would be left undisturbed over much of the
construction work area, although some compaction may occur. Pipeline crossings
of streams would be conducted according to the requirements of 404 permitting.
Overall, the crossings would be constructed to minimize the length and the loca-
tions of the crossings would be returned to approximate original configurations.
Reclamation would begin immediately after burying the pipeline.
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Facilities for the Gathering and Disposing of Produced Water

Polyethylene pipe 2 to 3 inches in diameter would be connected to the tubing in
the well and brought underground in a trench to a point of discharge into a natu-
ral drainage or disposal containment. The current average rate of water produc-
tion per well, according to the WOGCC, is about 10 gpm (Likwartz 2001). This
individual well rate may rise as deeper, thicker coals are produced. Higher rates
are expected in the Powder River sub-watershed where the Big George Coal
reaches a maximum thickness of about 200 feet. The Powder River drainage ba-
sin is expected to have nearly half of the wells drilled under this alternative. The
Companies are aware of this issue and have already initiated watershed studies
for dealing with water issues in three of the major tributaries of the Powder River
where drilling is occurring or is about to occur. Historically, based on production
information available on the WOGCC website, the water production rate from a
new area where the water pressure is being reduced before gas production drops
to one-half the initial rate after the first year’s production. The maximum produc-
tion rate over the entire Project Area is expected to occur in 2006 with about
381,000 acre-feet of water per year (Table 2-8).

The method of handling produced water would vary as the water quality, water
volumes, and surface owner desires change. Potential water handling methods
include direct surface discharge, treatment of produced water followed by direct
surface discharge, containment of produced water, and injection of produced wa-
ter through disposal wells (Table 2-9). Presently, the primary method of disposal
is to bring the water via underground pipe to a surface discharge location mutu-
ally selected by the operator and the surface owner or lessee. Discharges are
permitted by the WDEQ after the issuance of a National Pollutant Discharge
Elimination System (NPDES) permit. The following sections describe the
assumptions developed for the analysis of water handling

Surface Discharge Analysis Assumptions

Produced water from CBM wells would be gathered for discharge at outfalls.
Surface discharge facilities of varying sizes would be constructed; however, for
the purpose of this analysis an average facility, described below, was analyzed.
On average, five wells would be discharged together at the same outfall. Outfalls
may feed into small stock reservoirs or other treatment facilities before the out-
flows reach surface drainages. CBM produced water that is discharged to the sur-
face may be suitable for irrigation use and may be diverted for that purpose. On
average, all facilities associated with untreated or passively treated surface dis-
charge for up to 20 CBM wells (estimated to be four “bubbler” outfalls, a stock
pond, and an armored stream channel for the purpose of this analysis) would en-
compass an estimated 6 acres or approximately 0.3 acres per well. On average,
all facilities associated with actively treated surface discharge for CBM wells
also would encompass approximately 0.3 acres per well.

Infiltration Impoundments Analysis Assumptions

Produced water from CBM wells would be gathered for discharge into infiltra-
tion impoundments, where infiltration is selected as the water handling option
because of concerns about the magnitude of increased surface flows or produced
water quality. Infiltration impoundments of varying sizes would be constructed;
however, for the purpose of this analysis an average impoundment encompassing
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Chapter 2 — Public Participation, Issued Development, and Alternatives

Table2-9 Assumed Water Handling M ethodsfor CBM Wells Under
Alternatives1 and 3

________________________________________________________________________________________________|]
Water Handling Method'**
NPDES-permitted Discharge
Untreated Passive  Active Infiltration ~ Containment
Discharge Treatment Treatment Impoundment Impoundment LAD Injection

Sub-watershed (percent) (percent) (percent)  (percent) (percent)  (percent) (percent)
Upper Tongue River 0 35 0 45 10 0 10
Upper Powder River 75 0 0 15 5 0 5
Salt Creek 55 0 0 35 5 0 5
Crazy Woman Creek 70 0 0 5 5 15 5
Clear Creck 25 10 0 40 5 10 10
Middle Powder River 60 5 0 10 10 10 5
Little Powder River 65 0 0 10 10 10 5
Antelope Creek 55 0 0 35 5 0 5
Upper Cheyenne River 55 0 0 35 5 0 5
Upper Belle Fourche River 45 0 0 40 5 0 10
Notes:

1. The percentages shown represent the distribution of water handling methods assumed for the analysis, not
the amount of water that actually reaches the river.
2. Handling Methods:

NPDES-permitted Discharge — includes methods of handling the produced water that require an NPDES
permit.

Untreated discharge — water that is discharged onto the surface of the ground or into drainages tributary
to perennial waters of the state without any treatment.

Passive treatment — water that is amended through passive methods to meet standards before discharge.
An example of this method is passing the water over scoria to remove iron.

Active treatment — water that is amended through active methods to meet standards before discharge. An
example of this method is passing the water through a reverse osmosis system.

Infiltration impoundment — water contained in upland and bottomland impoundments designed for
maximum infiltration and groundwater recharge.

Containment impoundment — includes upland impoundments, both lined and unlined, with minimal infil-
tration and no direct surface discharge or lateral subsurface movement of water and down-gradient
expression in seeps or springs. These impoundments would be permitted by either the WOGCC or
DEQ, depending on which agency has jurisdiction for the specific impoundment.

LAD = land application disposal. Typically, land application is achieved by spraying produced water
through agricultural irrigation equipment and high-pressure atomizers.

Injection — represents that water that is injected into disposal wells.

3. The above percentages are not upper thresholds that can or would be enforced. They are merely a disclosure
of effects of one of many various ways water may be handled to meet the Montana/Wyoming agreement of
water quality levels at the state line.

6 acres and having a capacity of approximately 48 acre-feet was analyzed. Also,
for the purpose of this analysis, CBM wells are projected to produce water at the
rate of 9.5 gpm during their productive life.

Shallow impoundments having a dam height, on average, of 13 feet would be
constructed in bottomland and upland areas in a manner that allows infiltration
and prevents surface discharge. In some cases, the bottom surface of an im-
poundment area may contain key trench-type excavations or closely spaced bore-
holes to enhance infiltration. Evaporation would be enhanced using atomizers
placed on towers situated on floating islands, with spray from these units directed
above the water surface only.

Upland Areas— For the purpose of this analysis, each impoundment constructed
in an upland area, on average, would encompass an estimated 6 acres (48 acre-
feet capacity), containing all water produced over the life of the CBM wells un-
dergoing infiltration, and disturbing an estimated 1.6 acres per well undergoing
infiltration. On average, each impoundment would contain all of the produced
water from five CBM wells. In most cases, impoundments would not be con-
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structed as flow-through structures. All surface and overland flows likely would
be diverted away from the impoundments. Where surface flows are not diverted,
impoundments would be designed to hold, pass through, or flush contents and
surface flows, based on a design event. Livestock and wildlife would not be
fenced out. The impoundments would not be netted. On average, enhanced
evaporation would reduce the water impounded by an estimated 4 feet per year.
On average, infiltration would reduce the water impounded by an estimated
8 feet per year (AHA and Greystone 2001).

Bottomland Areas - Each impoundment constructed in a bottomland area, on
average, would encompass an estimated 6 acres (48 acre-feet capacity), contain-
ing all water produced over the life of the CBM wells undergoing infiltration, and
disturbing an estimated 1.6 acres per well undergoing infiltration. On average,
each impoundment would contain all of the produced water from five CBM
wells. If enhanced evaporation and infiltration methods are successful, each im-
poundment could contain all the produced water from up to 10 wells. Impound-
ments likely would be constructed within or near drainages, floodplains, and
gravelly terraces, and may be constructed as flow-through structures. All surface
and overland flows may be diverted away from the impoundments. Where sur-
face flows are not diverted, impoundments would be designed to hold, pass
through, or flush contents and surface flows, based on a design event. Livestock
and wildlife would not be fenced out. The impoundments would not be netted.
On average, enhanced evaporation would reduce the water impounded by an es-
timated 4 feet per year. On average, infiltration would reduce the water im-
pounded by an estimated 8 feet per year (AHA and Greystone 2001).

Containment Analysis Assumptions

Produced water would be gathered for discharge into containment impound-
ments, where containment (no discharge to surface drainages and minimal infil-
tration) is selected as the water handling option because of poor quality of the
CBM produced water. Large containment reservoirs of varying sizes would be
constructed; however, for the purpose of this analysis an average impoundment
encompassing 100 acres and having a capacity of approximately 2,000 acre-feet
was analyzed. These reservoirs would be constructed in upland areas, away from
drainages, floodplains, and gravelly terraces, and would not be constructed as
flow-through impoundments. All surface and overland flows would be diverted
away from the reservoirs. Livestock and wildlife may be fenced out if water qual-
ity does not meet recommendations for these uses. The reservoirs would not be
netted, as that would not be feasible, given the size of the impoundments.

Each of these reservoirs would contain all of the produced water from 60 wells,
over the life of the wells. For the purpose of this analysis, CBM wells are pro-
jected to product water at the rate of 9.5 gpm, on average, over their productive
life. Each reservoir would encompass a surface area of about 100 acres, would be
about 8 feet deep at the end of 3 years, and would be 20 feet deep at the end of
10 years (design capacity). The total disturbed area for each reservoir would be
about 140 acres, or about 2.3 acres per well. The dam would be 25 feet high, to
allow for freeboard of 5 feet. Embankment slopes would be 1:3 and would in-
clude a 12 feet wide flat area along the top of the embankment to allow for heavy
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equipment. Generally, about one half of the reservoir would be excavated below
the natural ground level.

Atomizers would be located on towers situated on floating islands in the central
portions of the reservoir. Spray from these units would be directed above the wa-
ter surface only so that the land surface near the reservoir would be unaffected.
On average, enhanced evaporation would reduce the water impounded by an es-
timated 4 feet per year. On average, infiltration would reduce the water im-
pounded by an estimated 0.75 feet per year (10 percent).

Land Application Disposal Analysis Assumptions

All water produced over the life of 40 wells would be spread on the land surface
of a land application disposal (LAD) site using mobile atomizers or irrigation
equipment. All water would be contained within the LAD site. An estimated
100 percent of the water would be used consumptively. Infiltration and channel-
ized surface runoff would be negligible. For the purpose of this analysis, each
LAD site would disturb an estimated 64 acres or an estimated 1.6 acres per well.

Disposal likely would be accomplished using a disposal-rest rotation cycle con-
sisting of disposal, soil amendment, rest, disposal... until the limitations of re-
peated soil amendments are reached, and a portion of the site would be re-
claimed.

The LAD facilities would be associated with an impoundment. During periods
when the water could not be applied (e.g., winter or equipment malfunction), the
water would be stored in the impoundment. The impoundments are addressed in
the previous sections on surface discharge, infiltration and containment.

Injection Analysis Assumptions

Produced water from 6 to 10 CBM wells would be gathered for injection into the
Fort Union Formation or a lower injection zone. For the purpose of this analysis,
on average, injection well facilities, including water transfer facilities, flowlines,
and roads serving 8 CBM wells would disturb an estimated 12 acres, or approxi-
mately 1.5 acres per well.

Central Metering Facilities

Typically, natural gas produced from each well is individually measured and me-
chanically or electronically recorded at a central point or central metering facility
(CMF). Gas-gathering pipelines for an average of ten wells would be tied to-
gether in a CMF, where metering for all the connected wells would occur. At the
CMF, gas would be commingled into the gas-gathering system, which would
transport it to the compressor station. An improved road would be constructed to
each CMF, which would disturb an area no wider than 50 feet. Construction of
each CMF would disturb about 0.2 acre (100 feet by 100 feet) for the short term.
This disturbance would be reduced to about 0.1 acre (50 feet by 80 feet) for the
long term.

The wells connected to a CMF may produce water for some time (occasionally

more than a year) before natural gas (methane) is produced. The water produced
would be disposed of using methods that meet standards of the WDEQ, BLM,
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WOGCC, and WSEO. Small amounts of gas may be produced in the initial
stages of de-pressuring the coal bed. This gas may be vented until sufficient vol-
umes are produced to run a first stage compression system near the CMF. Any
venting would be done according to the BLM’s Notice to Lessees 4A (Royalty or
Compensation for Oil and Gas Lost), and Onshore Order No. 5 (Measurement of
Gas) and by permission of the WOGCC and BLM in Sundry Notices. Immedi-
ately upon reaching a volume capable of sustaining compression operations, the
wells producing gas would be shut in until the necessary pipeline connections are
made.

Natural gas (methane) production is expected to reach a maximum rate for the
entire Project Area of almost 3.6 billion cubic feet per day (bcf) in 2006 and
2007. Current total recoverable reserve estimates range from 13 to 25 trillion cu-
bic feet of gas (BLM 2001f). Other estimates suggest total recoverable reserves
range from 12 to 37 trillion cubic feet of gas (Crockett et al. 2001).

Electrical Power Utilities

Although the Companies would use gas-fired compressors, other equipment,
such as pumps, would be electric. In addition, natural gas-fired and diesel engine-
powered generators may be used temporarily at individual wells until electrical
distribution lines are constructed.

Based on projected power demands, it is anticipated that the Companies would
require 0.5 megawatt (MW) per day to transport 3 bcf of natural gas per day us-
ing gas-fired compression. Based on this power demand, the maximum power
requirement would be 0.6 MW per day.

Under this alternative, three-phase 24.9-kilovolt (kV) distribution lines would
connect wells and compressor facilities with the existing transmission and distri-
bution system within the Project Area. Electricity would be routed to compressor
stations and CMFs aboveground on poles generally located along the access
roads or on additional rights-of-way (30 feet wide) across open land. Between the
CMFs and wells, the secondary electric service power lines (480 volt) would be
buried in the same trenches with the gas- and produced water-gathering pipelines.
The installation and power would be provided by the utility company providing
these services. Construction of the power lines would follow access road devel-
opment and coincide with the completion of well drilling. The power lines would
be designed and constructed according to the Avian Power Line Interaction
Committee’s (1996) guidelines for the prevention of electrocution of raptors.

The aboveground power lines would be constructed using tracked and wheeled
equipment. Holes for the poles would be located so as to not disturb existing sen-
sitive vegetation and would be excavated to a depth of 6 to 8 feet. Poles and other
structural components would be transported to the construction site where they
would be assembled and then erected by a boom truck.

Pole locations could be moved if topography and/or impacts to cultural, vegeta-
tive, or wildlife resources are identified at the site of the structure. In areas of
thick vegetation and/or where vegetation may impede the performance of the ac-
tive line, vegetation would be cleared, typically with hand-held equipment.
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All aboveground electric lines typically would be installed on 35-foot tall poles.
Poles would be required approximately every 300 feet. Approximately
5,311 miles of aboveground power lines would be installed in the Project Area
(Table 2-5). The short-term surface disturbance for these lines would be
19,312 acres (Table 2—6). The long-term surface disturbance for the power lines
would be 6,438 acres (Table 2-7).

Gas-Delivery System

The gas-delivery system consists of components that would deliver gas produced
from the wells (Table 2—10) to the high-pressure transmission pipelines through
which the gas would be transported to market. These components include com-
pressor stations and pipelines. This section describes these primary components
of this gas-delivery system.

The Companies would construct two types of compressor stations. They are cen-
tral reciprocating and booster stations. Produced natural gas under pressure from
the wellhead would move through the low-pressure gas-gathering system to a
booster compressor station. Typical gathering line pressure is less than 50 pounds
per square inch (psi). At booster stations, low (350) horsepower (HP) natural gas
or electric-powered boosters or blowers would enhance the flow of gas through
certain pipelines. As shown on Table 2—11, the Companies expect to construct
almost 1,060 new booster compressors. These compressors would be distributed
among as many as 186 stations (Table 2—12).

Gas from the booster compressor stations would flow through medium pressure
pipelines (50 to 125 psi) to the central reciprocating compressor stations. At these
stations, high horsepower (1,650 HP) compressors would increase the pressure of
natural gas to an estimated 700 to 1,450 psi to facilitate transmission of the natu-
ral gas to high-pressure transmission pipelines. As shown on Table 2—-13, the
Companies expect to construct almost 298 new reciprocating compressors. These
units would be distributed among as many as 63 new stations (Table 2—14).

The compressor sites would be constructed in steps. After obtaining all necessary
permits, an access road would be constructed from an existing road to the site.
Vegetation would be cleared and topsoil would be stripped and stockpiled. An
area of about 2 acres (for booster stations) or 5 acres (for reciprocating stations)
would be graded using standard cut-and-fill construction techniques and machin-
ery (bulldozer and/or grader). Concurrent with construction of the compressors,
gas pipelines would be built to the site. Also, clear lamp lights (250 watts each)
would be installed to light each compressor facility. Each light would be
mounted on a pole or building and directed downward to illuminate key areas
within the facility while minimizing the amount of light projected outside the
facility.
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Table2-11 Distribution of New Booster Compressor Unitsby Year and
Sub-watershed — Alternative 1

Year
Sub-watershed 2002 2003 2004 2005 2006 2007 2008 Total
Little Bighorn River
Upper Tongue River 3 6 8 6 5 2 1 31
Middle Fork Powder River
North Fork Powder River
Upper Powder River 195 250 141 91 14 691
South Fork Powder River
Salt Creek 1 2 1 4
Crazy Woman Creek 17 24 16 11 4 72
Clear Creek 10 13 8 4 2 1 49
Middle Powder River 2 1 3 1 2 9
Little Powder River 9 10 5 4 1 1 30
Little Missouri River
Antelope Creek 14 15 7 4 40
Dry Fork Cheyenne River
Upper Cheyenne River 6 5 3 1 1 16
Lightning Creek
Upper Belle Fourche River 47 47 17 7 118
Middle North Platte River
Total 304 373 212 133 31 4 3 1,060

Source: BLM 2001e

Table 2-12 Distribution of Booster Compressors by Size of Station and
Sub-watershed — Alternative 1

|
Booster Stations

Sub-watershed 1-Unit 2-Unit 3-Unit 4-Unit 5-Unit 6-Unit Total
Little Bighorn River

Upper Tongue River 1 1 4 6
Middle Fork Powder River

North Fork Powder River

Upper Powder River 1 1 114 116
South Fork Powder River

Salt Creek 1 1 2
Crazy Woman Creek 12 12
Clear Creek 2 7 9
Middle Powder River 1 1 2 4
Little Powder River 2 4 6
Little Missouri River

Antelope Creek 1 1 6 8
Dry Fork Cheyenne River

Upper Cheyenne River 1 2 3
Lightning Creek

Upper Belle Fourche River 1 19 20
Middle North Platte River

Total 2 2 9 5 0 168 186

Source: BLM 2001e
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Table 2-13 Distribution of New Reciprocating Compressors by Year and
Sub-watershed — Alternative 1

Year
Sub-watershed 2002 2003 2004 2005 2006 2007 2008 Total
Little Bighorn River
Upper Tongue River 1 2 2 1 2 1 9
Middle Fork Powder River
North Fork Powder River
Upper Powder River 54 70 39 25 4 192
South Fork Powder River
Salt Creek 1 1
Crazy Woman Creek 5 7 4 3 1 21
Clear Creek 3 3 3 3 14
Middle Powder River 1 1 3
Little Powder River 3 3 1 1 9
Little Missouri River
Antelope Creek 3 5 2 1 11
Dry Fork Cheyenne River
Upper Cheyenne River 2 1 1 1 5
Lightning Creek
Upper Belle Fourche River 13 13 4 3 33
Middle North Platte River
Total 84 106 56 39 8 1 4 298

Source: BLM 2001e
|

Table2-14 Distribution of Recipricating Compressors by Size of Station
and Sub-watershed — Alternative 1

]
Reciprocating Stations

Sub-watershed 1-Unit 2-Unit 3-Unit 4-Unit 5-Unit 6-Unit Total
Little Bighorn River

Upper Tongue River 1 1 2
Middle Fork Powder River

North Fork Powder River

Upper Powder River 6 29 35
South Fork Powder River

Salt Creek 1 1
Crazy Woman Creek 3 2 5
Clear Creek 1 2 1 4
Middle Powder River 1 1
Little Powder River 3 3

Little Missouri River

Antelope Creek 1 1 2 4
Dry Fork Cheyenne River

Upper Cheyenne River 1 1 2
Lightning Creek

Upper Belle Fourche River 1 5 6
Middle North Platte River

Total 1 3 19 0 0 40 63

Source: BLM 2001e
|
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Presently, the Companies propose to use natural gas fired compressors at all loca-
tions. As development of the Project Area matures, the use of natural gas-fired
compressors may diminish and selected units may be constructed with electric-
powered compressors. Because the likelihood and extent of this replacement are
unknown, the impact analysis documented for Alternative 1 in this EIS assumed
all compressors would be fired by natural gas. All compression internal combus-
tion engines, any dehydration units, and any other emission sources must be per-
mitted with the WDEQ’s Air Quality Division.

Glycol dehydration units also would be installed at each reciprocating compres-
sor site. The dehydration units would be used to reduce the water in the gas
stream to acceptable levels for commercial transportation. The units would have
a design flow rate that would accommodate the compression capacity of that sta-
tion.

High-pressure gas delivery pipelines connecting reciprocating compressor sta-
tions with existing and new transmission pipelines would be located along exist-
ing roads wherever possible. Disturbance related to these delivery lines is ex-
pected to be confined to areas not wider than 100 feet, located within rights-of-
way already established, wherever possible.

A variety of high-pressure gas pipelines currently serves the Powder River Basin
(Table 2—15). Separately and in combination, these high-pressure systems deliver
gas into other high-pressure pipeline systems that are part of the U.S.” natural gas
grid. These downstream pipelines are classified as “interstate pipelines”. The in-
terstate pipeline companies currently taking gas away from the Powder River
Basin are Williston Basin Interstate, Wyoming Interstate Company, Ltd., KM
Interstate Pipeline Company, and Colorado Interstate Gas Company.

Table2-15  Summary of High-pressure Pipelines Currently Operating in

the Powder River Basin
|

Capacity
Pipeline (thousand cubic feet per day)
Fort Union Gas Gathering Company, L.L.P 634,000
Thunder Creek Gas Gathering Company, L.L.P 450,000
Big Horn Gathering Company, L.L.P. 450,000
Bittercreek Gathering Company 0
MIGC, Inc. 130,000
KMGGC, Inc. 140,000
Total 1,804,000

Although Thunder Creek Gas Gathering Company, L.L.P. has not announced any
expansion, prior statements by the company suggest the Thunder Creek system
could be expanded to a capacity of at least 700,000 million cubic feet (mmcf)/
day.
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The four interstate pipeline companies or other interstate pipeline companies may
seek to expand their systems as the deliverability of CBM gas from the Powder
River Basin grows. The expansion of any interstate pipelines would be subject to
approval by the Federal Energy Regulatory Commission (FERC). As part of the
certification process for any new interstate facilities, FERC’s rules and proce-
dures require extensive pre-certification environmental review of such projects.
The FERC can condition its approval of new interstate projects with such envi-
ronmental mitigation practices as indicated by the review of the individual pro-
ject.

Workforce Requirements

Most of the active workforce involved in developing the Proposed Action would
be involved in construction-related activities. After roads and well pads are con-
structed, pipelines and utility lines are installed, and wells are drilled and com-
pleted, minimal personnel would be required to operate the field. Table 2—16
shows the estimated employment requirements for the construction, operation,
and reclamation of the project under the Proposed Action.

Construction Resource Requirements

Construction of the project would require a variety of materials and equipment.
The primary materials would be water, sand, and gravel. Additionally, small
amounts of chemicals would be required. Equipment needed for construction
would include heavy equipment (bulldozers, graders, track hoes, trenchers, and
front-end loaders) and heavy- and light-duty trucks.

Water would be needed for constructing roads, pipelines, and compressor sta-
tions. It also would be needed for drilling wells. Overall, the requirement for wa-
ter to construct the Proposed Action is expected to be about 6,896 acre-feet
(Table 2—17). This water would be obtained from local sources.

Production and Maintenance

Roads

Routine maintenance in the Project Area would occur on a year-round basis or as
ground and site conditions permit. This maintenance program includes postpon-
ing travel on the two-track roads during and immediately after wet weather when
vehicular traffic could cause rutting. Summer (late spring to early fall) road
maintenance could include the addition of gravel and/or blading of improved
roads consistent with “traveled road maintenance operations” in the area. Other
routine maintenance could include borrow ditch grading and culvert and low-
water crossing cleanout. Noxious weeds also would require yearly control along
roads. Winter (late fall to early spring) maintenance would include blading of
snow from access roads and some summer-like maintenance when necessary and
permitted by weather conditions. During production and maintenance, the Com-
panies would not routinely employ dust abatement procedures on roads within
the Project Area.
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Table 2-16 Estimated CBM Employment Requirementsfor

Alternative 1
|

Personnel ~ Workdays Workdays Average # of
Time Requirements Number  Required for PET Workers per
Work Category per Unit of Units (# per year) Project Year Day
Construction and Installation
Access Roads 1 day/mile 17,276 2 34,552 3,455 14
Well Pads 0.5 day/pad 25,997 1 12,998 1,300 5
Pipelines 2 days/mile 20,474 3 94,164 9,416 39
Electrical Utility Lines 2 days/mile 5,311 5 53,110 5,311 22
Drilling and Casing 4 days/well 39,367 5 787,340 78,734 328
Well Completion 2 days/well 39,367 5 393,670 39,367 164
Compressor Facilities 21 days/compressor 970 28 570,360 57,036 238
Surface Discharge Fac. 5 days/pond 1,216 4 24,320 2,432 10
Infiltration Facilities 30 days/impound. 1,821 6 327,780 32,778 137
Containment Impound. 365 days/impound. 37 7 94,535 9,454 39
Injection well 6.5 days/well 285 6 11,115 1,112 5
Total 2,403,944 240,395 1,001
Operation and Maintenance
Road/Pad Maintenance 1 days/well 39,367 1 39,367 1,968 8
Pumpers 20 days/well 39,367 1 787,374 39,367 164
Office 2.5 days/well 39,367 2 196,835 9,842 41
Well Workover 4 days/well 39,367 5 787,340 39,367 164
Surface Discharge Fac. 1 day/pond 1,216 1 1,216 61 0.3
Infiltration Facilities 1 day/facility 1,821 1 1,821 91 0.4
Containment Impound. 1 day/facility 37 1 37 4 0.1
Injection well 1 day/well 285 1 285 14 0.7
Total 13 1,814,275 90,714 379
Decommi ssioning/Reclamation
Wells 2 days/well 39,367 2 157,468 15,747 66
Roads 2 days/mile 17,276 1 34,552 3,455 14
Compressor Stations 100 days/compressor 970 10 970,000 97,000 404
Reclamation 5 days/facility 313 3 4,695 470 2
Surface Discharge Fac. 2 days/pond 1,216 3 7,296 2,432 10
Infiltration Facilities 10 days/facility 1,821 13 236,730 23,673 99
Containment Impound. 60 days/facility 37 7 15,540 1,554 6
Injection well 2 days/well 285 2 1,140 114 0
Total 41 1,427,421 144,445 601

The counties and Companies would primarily be responsible for maintaining the
project’s improved roads in the Project Area. The counties would continue to
maintain existing county roads. The Companies would maintain all other project
roads.

Upon the project’s completion, all roads constructed specifically for the project
would be removed and reclaimed, unless retention of a road is specifically re-
quested by the landowner or county. If a landowner decides to keep a road, then
the landowner would accept responsibility for maintaining the road upon aban-
donment by the Companies. The counties would continue to maintain existing
county roads and any roads covered by maintenance agreements with the BLM.
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Table2-17  Summary of Sand, Gravel, and Water Requirementsfor

Alternative 1
Total

Facility Amount Unit Rate Volume
Sand and Gravel

Improved roads 6,657 miles 1,173 yd3/mile 7,808,661

CMFs 394 CMFs 30 yd*/CMF 11,820

Compressors 313 stations 1,100 yd3/station 344,300

Total (yd®) 8,164,781
Water

Roads 17,276 miles 0.1 acre-feet/mile 1,728

Pipelines 1,036 miles 0.04 acre-feet/mile 41

Well drilling 39,367 wells 0.08 acre-feet/well 3,149

Well completion 39,367 wells 0.05 acre-feet/well 1,968

Compressors 970 Compressor 0.01 acre-feet/compressor 10

Total (acre-feet) 6,896

Wells

Routine Maintenance A maintenance person (a “pumper”’) may visit each well
up to once per day to ensure the equipment is functioning properly. Automated
well monitoring equipment already in operation allows the pumper to visit less
frequently depending on well location, reliability, and other factors. Field per-
sonnel would routinely calculate balances between wells and collection/transfer
points to ensure volumes match within acceptable tolerances. Significant leaks in
gas or water pipelines would cause a loss of pressure detectable by the static
pressure on the meter run. If such a leak is detected, a well would be shut-in. The
shut-in point would be determined for each well based upon individual operating
conditions. Field leaks would then be pinpointed using field pressures and the
problem would be corrected. Maintenance of the various mechanical components
of the gas production would occur at intervals recommended by manufacturers or
as needed based on site visits.

Additional remote (off-site) computerized monitoring system may be installed if
warranted by the number of total producing wells and cost effectiveness. If in-
stalled, the automated monitoring system would allow remote monitoring of op-
erations at each well. The system would monitor various operating conditions
(e.g., gas and water production rates, pipeline pressure, and separator pressure) to
determine if abnormal conditions exist. Electrical cables laid to the wells would
provide power to the well site automation equipment. The well site operating
conditions would be transmitted via radio to a local central facility. If a problem
is identified, maintenance personnel would be immediately dispatched to the well
site. The radio-controlled system would allow real-time signals and solutions in
response to well production problems. Control and monitoring of well production
by radio telemetry would reduce regular site inspections of each well and would
limit vehicular traffic to approximately once a week to each well. However, other
factors, such as the need for visual inspection of gas and water pipelines, may
require daily visits for safety and environmental reasons.
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Workovers  Periodically, a workover on a well would be required. A workover
uses a truck-mounted unit similar to a completion rig to ensure that the well is
maintained in good condition and is capable of extracting natural gas as effi-
ciently as possible. Workovers are typically needed within the first few months
after initial completion to remove coal fines from pumps. Workovers can include
repairs to the well bore equipment (casing, tubing, rods, or pumps), the wellhead,
or the production formation. These workovers may require venting pressure re-
lief. Routine repairs would occur only during daylight hours and are usually
completed within one day. Some limited situations may require several days to
complete a workover. Although the frequency of workovers cannot be predicted
because the requirements for workovers vary from well to well, each new well
would likely require a workover during the first year of production.

Pipelines

Routine inspection of gas-gathering and produced water pipelines would be done
during the inspections of facilities. Procedures would be incorporated with the
inspection of meters at the well sites. If pressure losses are detected, the wells
would be shut in until the problem is isolated and addressed.

Electrical Utilities
Routine inspection and maintenance of electric utilities would be done by utility
provider.

Decommissioning and Reclamation

The reclamation of dry holes would follow the procedures described below with
the exception that reclamation would begin as soon as possible after the determi-
nation is made that the well would not be a producing well or that it is depleted
of gas. The following sections describe the overall procedures the Companies
would follow to reclaim the disturbance to as near as possible to pre-development
conditions.

Roads

At a minimum, access roads would be reclaimed by ripping/plowing and drill
seeding unless the landowner and/or land manager wishes to make use of any
roads and accepts responsibility through execution of a release for future road
maintenance. Improved roads not needed for further use would be blocked, re-
contoured, reclaimed and vegetated consistent with the requirements of the fed-
eral land managers (according to Onshore Oil and Gas Order No. 1, Approval of
Operations) and the State of Wyoming. On private lands, the Companies would
execute release of the road to the landowner or reclaim it according to the terms
of surface use agreements that may be in effect at that time.

All road disturbances on federal lands would be reseeded with a seed mixture
approved by the Authorized Officer, as described in the APD Surface Use Pro-
gram or COAs. The seed mixture would be planted in the amounts specified in
pounds of pure live seed per acre. All seed would be certified as weed free. Seed
would be tested in accordance with state laws and within 12 months before pur-
chase. Commercial seed either would be certified or registered seed. Seeding
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and/or planting would be repeated until satisfactory revegetation is accomplished.
Multi-year noxious weed control may be needed on some reclaimed areas.

Wells

All surface facilities would be removed. Depleted production holes would be
plugged and abandoned in accordance with Onshore Oil and Gas Order No. 2 and
WOGCC’s rules. Once the well is conditioned as a static column, the well would
be decommissioned by placing redundant plugs, a slurry of cement and water, at
strategic locations in the well bore. These locations would be based upon each
well’s configuration, but would be placed to prevent the migration of fluids or
gas up the well bore or any uncemented paths. A mixture of bentonite and water
would be placed between the cement plugs. Well pads would be recontoured,
plowed, and seeded consistent with the procedures described in the APD Surface
Use Program or COAs. The Companies also may assign wells to the landowner
consistent with the terms of the surface use agreement. Upon assignment, all
rights and responsibilities, including reclamation, pass to the landowner, unless
otherwise specified. The landowner must then properly permit the well for bene-
ficial uses after CBM production has ceased according to the WSEQ’s statutes,
procedures, and policies.

Pipelines

The procedures for decommissioning and reclaiming pipelines are straightfor-
ward. The underground pipelines would be cleaned, disconnected, and then
abandoned in place to avoid any unnecessary surface disturbance as noted in the
COAs for the APD or the POD for the ROW or SUP. Any surface disturbances
associated with the underground pipelines are addressed in previous sections.

Electrical Utilities

Underground electric lines would be disconnected and abandoned in place to
avoid any unnecessary surface disturbance. Aboveground lines would be discon-
nected and the power poles would be removed from the sites. Surface disturbance
associated with the removal would be reclaimed according to the COAs for the
APD or the POD for the ROW or SUP.

Non-CBM Development

The BLM has evaluated the potential for the occurrence and development of non-
CBM oil and gas resources in the Project Area. In part, this evaluation resulted in
the mapping of various levels of potential (e.g., very low, low, moderate, or high)
within the Buffalo Field Office Area (BFOA). It also resulted in three levels of
potential development, which are documented in the BLM’s RFD Scenario for
the Buffalo Field Office (BLM 2001f).

The moderate level of development under the BLM’s RFD Scenario, which is the
basis for this alternative, projects the drilling and completion of about 3,200 non-
CBM wells within the Project Area over the 10-year period. As shown on Table
2-18, 3,000 of these wells would be drilled in the portion of the Project Area un-
der the jurisdiction of the Buffalo Field Office (BFO) and FS. The other 200
wells would be drilled in the portion of the Project Area under the jurisdiction of
the Casper Field Office (CFO).
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Table 2-18 Projected Distribution of Non-CBM Wells Under
Alternative 1
___________________________________________________________________________________________________|]

Potential for Oil and Gas

Sub-watershed Very Low Low Moderate  High Total
Buffalo Field Office Area and TBNG
Little Bighorn River 2 0 0 0 2
Upper Tongue River 7 28 0 0 35
Middle Fork Powder River 20 3 0 0 23
North Fork Powder River 1 0 0 0 1
Upper Powder River 0 25 374 0 399
South Fork Powder River 3 3 0 0 6
Salt Creek 0 3 20 0 23
Crazy Woman Creek 1 19 5 0 25
Clear Creek 1 26 0 0 27
Middle Powder River 0 2 57 41 100
Little Powder River 0 0 161 1,358 1,519
Little Missouri River 0 0 4 92 96
Antelope Creek 0 1 82 0 83
Upper Cheyenne River 0 5 35 0 40
Upper Belle Fourche River 0 5 215 401 621
Total 35 120 953 1,892 3,000
Casper Field Office Area
Converse County 200
Total 3,200

Surface disturbance for a typical oil well (from 5,000 to 12,000 feet deep) in-
cludes 4 acres for the well pad and 1.5 acres for a 1-mile long bladed road for a
total of 5.5 acres disturbed for drilling operations. Part of the well pad area is re-
claimed as production operations begin. The entire area of disturbance is re-
claimed when the well is plugged and abandoned.

As shown on Table 2—-19, almost 17,600 surface acres of the Project Area may be
disturbed by the construction of non-CBM wells. Most of this disturbance would
occur in three sub-watersheds. They are Little Powder River, Upper Belle
Fourche River, and Upper Powder River. Once the wells are operational and par-
tial reclamation has occurred, long-term disturbance would encompass about
82 percent of the original disturbance.

The non-CBM development also would require a workforce involved in
construction-related activities. After roads and well pads are constructed and
wells are drilled and completed, minimal personnel would be required to operate
the field. Table 2-20 shows the estimated employment requirements for the non-
CBM wells.

Safety/Emergency Response

This section outlines the methods that the Companies would employ to ensure the
safe operation of the oil and gas wells during development and production. It also
describes how the Companies would respond to emergencies. In cooperation with
the WOGCC and Wyoming Occupational Safety and Health Administration, the
Companies have undertaken a comprehensive study of safety regulations cur-
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rently in place related to the development and will recommend to the agencies of
jurisdiction any changes deemed necessary to protect the health and safety of the
public as well as those employed in the development.

Table 2-19 Projected Maximum Disturbance Dueto Non-CBM Wells
Under Alternative 1

|
Areal Extent of Disturbance

Short-term Long-term
Sub-watershed (acres) (acres)
Buffalo Field Office Area and TBNG
Little Bighorn River 11 9
Upper Tongue River 193 158
Middle Fork Powder River 126 104
North Fork Powder River 6 4
Upper Powder River 2,194 1,796
South Fork Powder River 33 27
Salt Creek 126 104
Crazy Woman Creek 138 112
Clear Creek 148 122
Middle Powder River 550 450
Little Powder River 8,354 6,836
Little Missouri River 528 432
Antelope Creek 456 374
Upper Cheyenne River 220 180
Upper Belle Fourche River 3,416 2,794
Total 16,499 13,502
Casper Field Office Area
Converse County 1,100 900
Total 17,599 14,402
Note:

Maximum disturbance is based on 5.5 acres and 4.5 acres per well for short-term and
long-term disturbances, respectively.

Geologic Hazards

During drilling operations, abnormally-high formation pressure could be encoun-
tered, which could result in an uncontrolled well condition. However, more than
6,000 CBM wells have been drilled in the Project Area with no instances of ab-
normally-high pressure. Blowouts are considered highly unlikely due to the shal-
low depths of the wells, normal and below normal pressures in the formations,
and past experience in the Project Area. The WOGCC and BLM require diverters
after setting surface casing.

Fires and Explosions

The potential for leaks or ruptures in gas flowlines or pipelines would exist. Most
ruptures are the result of heavy equipment accidentally striking the pipeline while
operating in close proximity. Such ruptures could result in an explosion and/or
fire if a spark or open flame ignites the escaping gas. The design and selection of
materials used in the pipelines would be conducted in accordance with applicable
standards to minimize the potential of a leak or rupture. Frequent markers along
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the pipelines would reduce the risk of accidental ruptures from excavating
equipment. Additionally, the Companies would monitor the pipeline flow by ei-
ther remote sensors or daily inspections of the flow meters, which would reduce
the probability of ruptures by prompt detection of leaks.

Table 2-20 Estimated Non-CBM Employment Requirementsfor
Alternative 1

._____________________________________________________________________________________________________|
Personnel  Workdays Workdays

. Average # of
Time Requirements Number  Required for PeT Workers per
Work Category per Unit  of Units (# per year) Project Year Day
Construction and Installation
Access Roads 1 day/mile 3,200 2 640 64 1
Well Pads 0.5 day/pad 3,200 1 160 16 1
Drilling and Casing 4 days/well 3,200 5 64,000 6,400 27
Well Completion 2 days/well 3,200 5 32,000 3,200 13
Total 96,800 9,680 42
Operation and Maintenance
Road/Pad Maintenance 1 days/well 1,600 1 1,600 80 1
Pumpers 20 days/well 1,600 1 32,000 1,600 7
Office 2.5 days/well 1,600 2 8,000 400 2
Well Workover 4 days/well 1,600 5 32,000 1,600 7
Total 9 73,600 3,680 17
Decommi ssioning/Reclamation
Wells 2 days/well 3,200 2 12,800 1,280 5
Roads 2 days/mile 3,200 1 6,400 640 3
Total 3 19,200 1,920 8

Well fires are very rare, but could occur under certain conditions. For the reasons
listed in the previous sections, the probability of a blowout is very low. The
Companies will include procedures for reporting and controlling fires in their
emergency response programs. The Companies have and would continue to con-
duct cooperative training exercises with the fire and rescue departments within
the Project Area.

Public Safety

The Companies would take measures to protect the public from hazards at well
facilities. Warning signs would be placed around facilities, as necessary. Also,
compressor stations would be fenced and gated.

Employee Safety

The Companies would develop Emergency Plans that would cover all potential
emergencies, including fires, employee injuries, and chemical releases, among
others. The Plans would include phone numbers for all medical and emergency
services and the people to contact in event of emergencies. In addition, the Com-
panies would not allow firearms to be brought into the area by employees and
contractors. The Plans would be posted at all the Companies’ local offices and
field facilities. All employees and subcontractors would be trained on matters
concerning the Emergency Plan when they are hired and refresher courses would
be presented annually.
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Water Monitoring and Mitigation

Monitoring and mitigation for both ground water and surface water are a substan-
tial part of the Proposed Action. The Companies are conducting, and propose to
continue to conduct, hydrologic monitoring to provide information to detect im-
pacts on other water users and to control activities and operations to assure regu-
latory compliance and public protection.

Mitigation measures include the establishment of monitoring wells and stream
gauges. The Companies work with the surface owners to establish water controls,
diversions, and uses for the surface discharges. Treatment, injection, and storage
may be used where necessary and practicable.

Ground Water

The Wyodak EIS established requirements for the Companies to drill and com-
plete monitoring wells at specific locations throughout the Wyodak Area. The
Companies propose to continue this program as part of the Proposed Action. The
BLM is currently requiring monitoring well pairs (one in the coal and one in a
sand over the coal) for the exploratory PODs well CMFs outside of the Wyodak
EIS area. The purpose of these monitoring wells is to provide water level and
pressure information to determine possible impacts to other water users.

All operators on federal minerals are required to offer a Water Well Agreement
as set forth in the Gillette South EIS and the Wyodak EIS. This agreement pro-
tects nearby water wells permitted by the WSEO. The Companies generally offer
the same agreement when drilling on fee and State lands.

Surface Water

The Companies are required to monitor and report produced water volumes and
quality to WDEQ pursuant to NPDES permit requirements. Discharges are re-
quired to meet all applicable WDEQ water quality standards and regulations at
all times. The Companies also must report produced water volumes to the
WOGCC and WSEO.

The BLM water management plans, FS, and WDEQ require the Companies to
use Best Management Practices (BMPs) that would prevent erosion and damage
to agricultural activities.

Surface gauging stations may be needed on the Little Powder, Powder, Belle
Fourche, Cheyenne, and Tongue Rivers. The cost of this monitoring would be
shared among the BLM, the U.S. Department of Interior, Geological Survey
(USGS), and the Companies.

The BLM would conduct periodic monitoring of water quality by sampling at
discharge points and on streams. The BLM also would monitor selected stream
channels receiving CBM discharged water for signs of accelerated erosion and
degradation.

In August 2001, the States of Montana and Wyoming signed an Interim MOC to

document their commitments and intent to protect and maintain water quality
conditions in the PRB within Montana during an 18-month interim period (Ap-
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pendix B). At the conclusion of this interim period, the states shall negotiate a
final MOC that will include recognition of protective water quality standards and
allocation of any assimilative capacity. A monitoring program to implement the
interim MOC and to assist in the development of a final MOC is part of the
agreement. Currently, the states are developing this monitoring program. Once
developed, the aspects of the monitoring plan applicable to the oil and gas devel-
opment addressed in this EIS would be incorporated into the ROD.

Alternative 2 — Proposed Action with Reduced
Emission Levels and Expanded Produced
Water Handling Scenarios

Alternative 2 was developed specifically to respond to four of the 18 key issues.
They are the issues addressing effects of the Proposed Action on aquifers (Issue
1), the quantity and quality of surface waters (Issues 2 and 3), and effects on air
quality and visibility (Issue 6). To respond to these issues, the BLM and FS al-
tered the Proposed Action in two primary areas: the handling of produced water
and compression of gas. Other than the differences described below, the rest of
Alternative 2 is the same as the Proposed Action.

Methods for Handling Produced Water

The overall methods for handling the disposal of produced water are the same as
those included in the Proposed Action. However, the BLM and FS have altered
the distribution of produced water among the methods to emphasize handling in
two ways. The two emphases are on infiltration and treatment. As shown on
(Table 2-21), Alternative 2A emphasizes the use of infiltration impoundments to
dispose of CMB produced water. In contrast, Alternative 2B emphasizes the use
of passive and active treatment to dispose of CBM produced water (Table 2-22).
The emphasis of these alternatives was developed in response to the WDEQ’s
projections for how CBM produced water probably would have to be handled in
the future to meet the Montana—Wyoming Interim Water Quality Criteria MOC
(Appendix B).

The changes in water handling methods included as part of Alternatives 2A and
2B slightly alter the number of acres that would be disturbed with their imple-
mentation. Instead of affecting 213,115 acres of short-term disturbance as Alter-
native 1 does, this Alternative 2A would affect 230,886 acres over the short term
(Table 2-23). Long-term disturbance associated with Alternative 2A also would
be slightly less at 127,693 acres (Table 2-24). In contrast, Alternative 2B would
affect 222,860 acres over the short term (Table 2-25) and 119,667 acres over the
long term (Table 2-26).

Compression

This alternative includes two options for compression of the CBM, both of which
were analyzed in detail. The first option is the electrification of 50 percent of the
booster compressors. Under this option, half of the new 1,060 booster compres-
sor units would be electrically powered. The other half would be gas-fired units.
The power for the electrical units would be brought to the compressor stations
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via the same power lines included in the Proposed Action. Thus, no new external
construction would be required. Except for the exchange of gas-fired booster
units for electrical booster units, no other visible changes would occur. Recipro-
cating compressors would remain the same.

Table2-21  Assumed Water Handling Methodsfor CBM Wellswith an
Infiltration Emphasis — Alternative 2A

. __________________________________________________________________________________________________|
Water Handling Method"**
NPDES-permitted Discharge
Untreated Passive  Active Infiltration ~ Containment
Discharge Treatment Treatment Impoundment Impoundment LAD Injection

Sub-watershed (percent) (percent) (percent)  (percent) (percent)  (percent) (percent)
Upper Tongue River 5 5 0 60 10 10 10
Upper Powder River 5 20 0 55 5 10 5
Salt Creek 0 0 0 60 10 5 25
Crazy Woman Creek 5 5 0 60 10 10 10
Clear Creek 5 5 0 60 10 10 10
Middle Powder River 5 20 0 50 10 10 5
Little Powder River 5 20 0 50 10 10 5
Antelope Creek 0 40 0 40 5 10 5
Upper Cheyenne River 0 40 0 40 5 10 5
Upper Belle Fourche River 30 15 0 30 5 10 10
Notes:

1. The percentages shown represent the distribution of water handling methods assumed for the analysis, not
the amount of water that actually reaches the river.
2. Handling Methods:

NPDES-permitted Discharge — includes methods of handling the produced water that require an NPDES
permit.

Untreated discharge — water that is discharged onto the surface of the ground without any treatment.

Passive treatment — water that is amended through passive methods to meet standards before discharge.
An example of this method is passing the water over scoria to remove iron.

Active treatment — water that is amended through active methods to meet standards before discharge. An
example of this method is passing the water through a reverse osmosis system.

Infiltration impoundment — water contained in upland and bottomland impoundments designed for
maximum infiltration and groundwater recharge.

Containment impoundment — includes upland impoundments, both lined and unlined, with minimal infil-
tration and no direct surface discharge or lateral subsurface movement of water and down-gradient
expression in seeps or springs. These impoundments may be permitted by either the WOGCC or
WDEQ.

LAD = land application. Typically, land application is achieved by spraying produced water through ag-
ricultural irrigation equipment and high-pressure atomizers.

Injection — represents that water that is injected into disposal wells.

3. The above percentages are not upper thresholds that can or will be enforced. They are merely a disclosure of
effects of one of many various ways water may be handled to meet the Montana/Wyoming agreement of wa-
ter quality levels at the state line.

The second option analyzed under this alternative was the electrification of all
1,060 new booster compressor units. Under this option, no new gas-fired boosters
would be constructed. All would be electric. As noted above, no new external
construction would be required and the reciprocating compressors would con-
tinue to be gas-fired units.

Under both of these options, new power generation capacity would be required to
provide the electricity needed to power the electrical booster and reciprocating
compressors. The potential locations and sizes of the facilities that could be con-
structed to provide the necessary additional capacity are too numerous and specu-
lative to evaluate in this analysis.
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Table2-22  Assumed Water Handling Methodsfor CBM Wellswith a
Treatment Emphasis— Alternative 2B

________________________________________________________________________________________________|]
Water Handling Method'**
NPDES-permitted Discharge
Untreated Passive  Active Infiltration ~ Containment
Discharge Treatment Treatment Impoundment Impoundment LAD Injection

Sub-watershed (percent) (percent) (percent)  (percent) (percent)  (percent) (percent)
Upper Tongue River 5 5 25 35 10 10 10
Upper Powder River 5 20 15 40 5 10 5
Salt Creek 0 0 0 60 10 5 25
Crazy Woman Creek 5 5 20 45 5 10 10
Clear Creck 5 5 20 45 5 10 10
Middle Powder River 5 20 20 30 10 10 5
Little Powder River 5 20 20 35 5 10 5
Antelope Creek 0 30 20 30 5 10 5
Upper Cheyenne River 0 30 20 30 5 10 5
Upper Belle Fourche River 30 20 0 25 5 10 10
Notes:

1. The percentages shown represent the distribution of water handling methods assumed for the analysis, not
the amount of water that actually reaches the river.
2. Handling Methods:

NPDES-permitted Discharge — includes methods of handling the produced water that require an NPDES
permit.

Untreated discharge — water that is discharged onto the surface of the ground without any treatment.

Passive treatment — water that is amended through passive methods to meet standards before discharge.
An example of this method is passing the water over scoria to remove iron.

Active treatment — water that is amended through active methods to meet standards before discharge. An
example of this method is passing the water through a reverse osmosis system.

Infiltration impoundment — water contained in upland and bottomland impoundments designed for
maximum infiltration and groundwater recharge.

Containment impoundment — includes upland impoundments, both lined and unlined, with minimal infil-
tration and no direct surface discharge or lateral subsurface movement of water and down-gradient
expression in seeps or springs. These impoundments may be permitted by either the WOGCC or
WDEQ.

LAD = land application. Typically, land application is achieved by spraying produced water through ag-
ricultural irrigation equipment and high-pressure atomizers.

Injection — represents that water that is injected into disposal wells.

3. The above percentages are not upper thresholds that can or will be enforced. They are merely a disclosure of
effects of one of many various ways water may be handled to meet the Montana/Wyoming agreement of
water quality levels at the state line.

As a result of the changes in water handling for alternatives 2A and 2B relative to
Alternative 1, additional numbers of employees would be needed to construct,
operate, maintain, decommission, and reclaim the facilities. Table 2-27 and

Table 2-28 summarize the estimated employment requirements for alternatives
2A and 2B.

Alternative 3 — No Action

The No Action alternative is required by NEPA for comparison to other alterna-
tives analyzed in the EIS. For this analysis, the No Action alternative would not
authorize additional natural gas development on Federal leases within the Project
Area. Drilling could continue on State and private leases and access and pipelines
across Federal lands to reach such proposed State and fee wells would be granted
as required by the BLM’s policy.
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Chapter 2 — Public Participation, Issued Development, and Alternatives

Table 2-27 Estimated CBM Employment Requirementsfor
Alternative 2A

____________________________________________________________________________________________________________|]
Personnel  Workdays Workdays

. Average # of
Time Requirements Number  Required for PeT Workers per
Work Category per Unit  of Units (# per year) Project Year Day
Construction and Installation
Access Roads 1 day/mile 17,276 2 34,552 3,455 14
Well Pads 0.5 day/pad 25,997 1 12,998 1,300 5
Pipelines 2 days/mile 20,474 3 94,164 9,416 39
Electrical Utility Lines 2 days/mile 5,311 5 53,110 5,311 22
Drilling and Casing 4 days/well 39,367 5 787,340 78,734 328
Well Completion 2 days/well 39,367 5 393,670 39,367 164
Compressor Facilities 21 days/compressor 970 28 570,360 57,036 238
Surface Discharge Fac. 5 days/pond 498 4 9,956 996 4
Infiltration Facilities 30 days/impound. 4,032 6 725,688 72,569 302
Containment Impound. 365 days/impound. 43 7 109,993 10,999 46
Injection well 6.5 days/well 342 6 13,333 1,333 6
Total 72 2,805,164 280,516 1,168
Operation and Maintenance
Road/Pad Maintenance 1 days/well 39,367 1 39,367 1,968 8
Pumpers 20 days/well 39,367 1 787,374 39,367 164
Office 2.5 days/well 39,367 2 196,835 9,842 41
Well Workover 4 days/well 39,367 5 787,340 39,367 164
Surface Discharge Fac. 1 day/pond 498 1 498 25 0.1
Infiltration Facilities 1 day/facility 4,032 1 4,032 202 0.8
Containment Impound. 1 day/facility 43 1 43 4 0.0
Injection well 1 day/well 342 1 342 17 0.1
Total 13 1,815,831 90,792 378
Decommi ssioning/Reclamation
Wells 2 days/well 39,367 2 157,468 15,747 66
Roads 2 days/mile 17,276 1 34,552 3,455 14
Compressor Stations 100 days/compressor 970 10 970,000 97,000 404
Reclamation 5 days/facility 313 3 4,695 470 2
Surface Discharge Fac. 2 days/pond 498 3 2,987 299
Infiltration Facilities 10 days/facility 4,032 13 524,108 52,411 218
Containment Impound. 60 days/facility 43 7 18,081 1,808 8
Injection well 2 days/well 342 2 1,368 137 1
Total 41 1,713,259 171,327 714

The Department of Interior’s authority to implement a “No Action” alternative
that precludes development by denying the process is, however, limited. An oil
and gas lease grants the lessee the “right and privilege to drill for, mine, extract,
remove, and dispose of all oil and gas deposits” in the lease lands, “subject to the
terms and conditions incorporated in the lease (Form 3110-2). Because the Sec-
retary of Interior has the authority and responsibility to protect the environment
within Federal oil and gas leases, restrictions are imposed on the lease terms.

2-50 PRB O & G DEIS



Chapter 2 — Public Participation, Issued Development, and Alternatives

Table 2-28 Estimated CBM Employment Requirementsfor
Alternative 2B

____________________________________________________________________________________________________________|]
Personnel  Workdays Workdays

. Average # of
Time Requirements Number  Required for PeT Workers per
Work Category per Unit  of Units (# per year) Project Year Day
Construction and Installation
Access Roads 1 day/mile 17,276 2 34,552 3,455 14
Well Pads 0.5 day/pad 25,997 1 12,998 1,300 5
Pipelines 2 days/mile 20,474 3 94,164 9,416 39
Electrical Utility Lines 2 days/mile 5,311 5 53,110 5,311 22
Drilling and Casing 4 days/well 39,367 5 787,340 78,734 328
Well Completion 2 days/well 39,367 5 393,670 39,367 164
Compressor Facilities 21 days/compressor 970 28 570,360 57,036 238
Surface Discharge Fac. 5 days/pond 795 4 15,896 1,590 7
Infiltration Facilities 30 days/impound. 2,931 6 527,544 52,754 220
Containment Impound. 365 days/impound. 36 7 91,469 9,147 38
Injection well 6.5 days/well 342 6 13,333 1,333 6
Total 72 2,594,436 259,443 1,081
Operation and Maintenance
Road/Pad Maintenance 1 days/well 39,367 1 39,367 1,968 8
Pumpers 20 days/well 39,367 1 787,374 39,367 164
Office 2.5 days/well 39,367 2 196,835 9,842 41
Well Workover 4 days/well 39,367 5 787,340 39,367 164
Surface Discharge Fac. 1 day/pond 795 1 795 40 0.2
Infiltration Facilities 1 day/facility 2,931 1 2,931 147 0.6
Containment Impound. 1 day/facility 36 1 36 4 0.0
Injection well 1 day/well 342 1 342 17 0.1
Total 13 1,815,020 90,752 378
Decommi ssioning/Reclamation
Wells 2 days/well 39,367 2 157,468 15,747 66
Roads 2 days/mile 17,276 1 34,552 3,455 14
Compressor Stations 100 days/compressor 970 10 970,000 97,000 404
Reclamation 5 days/facility 313 3 4,695 470 2
Surface Discharge Fac. 2 days/pond 795 3 4,769 477 2
Infiltration Facilities 10 days/facility 2,931 13 381,004 38,100 159
Containment Impound. 60 days/facility 36 7 15,036 1,504 6
Injection well 2 days/well 342 2 1,368 137 1
Total 41 1,568,892 156,890 654

On land leased without a No Surface Occupancy or similarly restrictive lease
stipulation, the Department of Interior cannot deny a permit to drill. Once the
land is leased, the Department no longer has the authority to preclude surface-
disturbing activity, even if the environmental impact of such activity is signifi-
cant. The Department can only impose mitigation measures upon a lessee who
pursues surface-disturbing activities. By issuing a lease, the Department has
made an irrevocable commitment to allow some surface disturbances (Tenth Cir-
cuit Court of Appeals in Sierra Club vs. Peterson [717 F. 2d 1409, 1983]).

Leases within the Project Area contain various stipulations concerning surface
disturbance, surface occupancy, limited surface area, and timing restrictions. In
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Chapter 2 — Public Participation, Issued Development, and Alternatives

addition, the lease stipulations provide for the imposition of such reasonable con-
ditions, not inconsistent with the purposes for which the lease was issued, as the
(BLM and/or FS) may require to protect the surface of the leased lands and the
environment. None of the stipulations, however, would empower the Secretary of
Interior to deny all development activity because of environmental concerns.
Provisions in leases that expressly provide authority to deny or restrict develop-
ment in whole or in part depend upon conformance with certain non-
discretionary statutes, such as the ESA (43 CFR 3101.1-2).

Coal Bed Methane Development

Under this alternative, development of non-federal CBM would continue to occur
on non-federal lands. The agencies assumed development of fee and state miner-
als would occur along the same overall schedule as for Alternative 1.

As a result, the Companies would drill 15,458 new CBM wells between 2002 and
2011 (Table 2-29). These wells would be in addition to the 12,077 CBM wells
already permitted or drilled on federal, state, and private lands. Thus, 27,535
CBM wells would be developed under this alternative by 2011 (Table 2-29).

Table 2-29 Distribution of CBM Wells by Sub-watershed —

Alternative 3
m
Sub-watershed Pre 2002 2002-2011 Total
Little Bighorn River 0 0 0
Upper Tongue River 815 2,158 2,973
Middle Fork Powder River 0 0 0
North Fork Powder River 0 0 0
Upper Powder River 2,808 4,436 7,244
South Fork Powder River 0 0 0
Salt Creek 0 19 19
Crazy Woman Creek 150 934 1,084
Clear Creek 389 2,488 2,877
Middle Powder River 727 201 928
Little Powder River 1,813 959 2,772
Little Missouri River 0 0 0
Antelope Creek 253 603 856
Dry Fork Cheyenne River 0 0 0
Upper Cheyenne River 454 260 714
Lightning Creek 0 0 0
Upper Belle Fourche River 4,662 3,400 8,062
Middle North Platte River 6 0 6
Total 12,077 15,458 27,535

Source: BLM 2001
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As under alternatives 1 and 2, some of the new CBM wells would be drilled from
the same well pads. Thus, the number of pads constructed would be less than the
number of wells drilled. The Companies would construct a total of 10,534 new
well pads between 2002 and 2011 (Table 2-30). With the 9,592 pads constructed
or permitted for construction before 2002, this alternative would result in a total
0f 20,126 well pads by 2011 (Table 2-30).

Table 2-30 Distribution of CBM Well Pads by Sub-water shed —

Alternative 3
m
Sub-watershed Pre 2002 2002-2011 Total
Little Bighorn River 0 0 0
Upper Tongue River 396 974 1,370
Middle Fork Powder River 0 0 0
North Fork Powder River 0 0 0
Upper Powder River 2,253 2,839 5,092
South Fork Powder River 0 0 0
Salt Creek 0 11 11
Crazy Woman Creek 63 629 692
Clear Creek 229 1,739 1,968
Middle Powder River 434 97 531
Little Powder River 1,301 652 1,953
Little Missouri River 0 0 0
Antelope Creek 251 526 777
Dry Fork Cheyenne River 0 0 0
Upper Cheyenne River 389 260 649
Lightning Creek 0 0 0
Upper Belle Fourche River 4,270 2,807 7,077
Middle North Platte River 6 0 6
Total 9,592 10,534 20,126

Source: BLM 2001
[

Because fewer new wells would be drilled and pads constructed, the number of
facilities constructed also would be smaller than under the Proposed Action
(Table 2-31). Furthermore, the overall short-term and long-term disturbances
associated with this alternative would be less than that which would occur with
implementation of Alternative 1 or Alternative 2 (Table 2—32 and Table 2-33).

With fewer wells overall, implementation of this alternative also would result in

smaller amounts of produced water and gas. Table 2—34 and Table 2—-35 show the
amounts of water and gas projected for this alternative, respectively.
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Chapter 2 — Public Participation, Issued Development, and Alternatives

Drilling and Construction of Facilities

Electrical Power Utilities
Based on projected power demands, it is anticipated that the Companies would
require 0.5 MW per day to transport 3 bcf of natural gas per day using gas-fired
compression. Based on this power demand, the maximum power requirement
would be 0.6 MW per day.

Under this alternative, three-phase 24.9-kV distribution lines would connect
wells and compressor facilities with the existing transmission and distribution
system within the Project Area. Electricity would be routed to compressor sta-
tions and CMFs aboveground on poles generally located along the access roads
or on additional rights-of-way (30 feet wide) across open land. Between the
CMFs and wells, the secondary electric service power lines (480 volt) would be
buried in the same trenches with the gas- and produced water-gathering pipelines.
The installation and power would be provided by the utility company providing
these services. Construction of the power lines would follow access road devel-
opment and coincide with the completion of well drilling. The power lines would
be designed and constructed according to the Avian Power Line Interaction
Committee’s (1996) guidelines for the prevention of electrocution of raptors.

The aboveground power lines would be constructed using tracked and wheeled
equipment. Holes for the poles would be located to not disturb existing sensitive
vegetation and would be excavated to a depth of 6 to 8 feet. Poles and other
structural components would be transported to the construction site where they
would be assembled and then erected by a boom truck.

Pole locations could be moved within the 30-foot wide ROW if topography
and/or impacts to cultural, vegetative, or wildlife resources are identified at the
site of the structure. In areas of thick vegetation and/or where vegetation may
impede the performance of the active line, vegetation would be cleared, typically
with hand-held equipment. Where areas of sensitive plant resources are known to
occur, the BLM would be consulted before removal of any vegetation.

All aboveground electric lines typically would be installed on 35-foot tall poles.
Poles would be required approximately every 300 feet. Approximately
2,170 miles of aboveground power lines would be installed in the Project Area
(Table 2-31). The short-term disturbance for these lines would be 7,930 acres
(Table 2-32).

Workforce Requirements

Most of the active workforce involved in developing Alternative 3 would be in-
volved in construction-related activities. After roads and well pads are con-
structed, pipelines and utility lines are installed, and wells are drilled and com-
pleted, minimal personnel would be required to operate the field. Table 236
shows the estimated employment requirements for the construction, operation,
and reclamation of the project under Alternative 3.
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Table 2-36 Estimated CBM Employment Requirementsfor

Alternative 3

._____________________________________________________________________________________________|
Time Requirements Number Personnel Workdays Workdays Average # of

per Unit ¢ Units Required for per Workers per
Work Category (# per task) Project Year Day
Construction and Installation
Access Roads 1 day/mile 6,507 2 13,014 1,301
Well Pads 0.5 day/pad 10,534 1 5,267 527 2
Pipelines 2 days/mile 8,335 3 50,010 5,001 21
Electrical Utility Lines 2 days/mile 2,170 5 21,700 2,170 9
Drilling and Casing 4 days/well 15,458 5 309,160 30,916 129
Well Completion 2 days/well 15,458 5 154,580 15,458 64
Compressor Facilities 21 days/compressor 60 28 35,280 3,528 15
Surface Discharge Fac. 5 days/pond 419 4 8,376 838 3
Infiltration Facilities 30 days/facility 893 6 160,668 16,067 67
Containment Impound. 365 days/impound. 16 7 39,986 3,999 17
Injection well 6.5 days/well 147 6 5,728 573 2
Total 803,769 80,378 334
Operation and Maintenance
Road/Pad Maintenance 1 days/well 15,458 1 15,458 773 3
Pumpers 20 days/well 15,458 1 309,160 15,458 64
Office 2.5 days/well 15,458 2 69,561 3,478 14
Well Workover 4 days/well 15,458 5 309,160 15,458 64
Surface Discharge Fac. 1 day/pond 419 1 419 21 0.1
Infiltration Facilities 1 day/facility 893 1 893 45 0.2
Containment Impound. 1 day/impound. 16 1 16 2 0.0
Injection well 1 day/well 147 1 147 7 0.0
Total 13 704,814 35,242 145
Decommissioning/Reclamation
Wells 2 days/well 15,458 2 61,832 6,183 26
Roads 2 days/mile 6,507 1 13,014 1,301 5
Compressor Stations 100 days/compressor 60 10 60,000 6,000 25
Reclamation 5 days/facility 127 3 145,161 14,516 60
Surface Discharge Fac. 2 days/pond 419 3 2,513 251 1
Infiltration Facilities 10 days/facility 893 13 116,038 251 1
Containment Impound. 60 days/impound. 16 7 6,573 657 3
Injection well 2 days/well 147 2 588 59
Total 41 405,719 29,218 121

Construction Resource Requirements

Construction of the project would require a variety of materials and equipment.
The primary materials would be water, sand, and gravel. Additionally, small
amounts of chemicals would be required. Equipment needed for construction
would include heavy equipment (bulldozers, graders, track hoes, trenchers, and
front-end loaders) and heavy- and light-duty trucks.

Water would be needed for constructing roads, pipelines, and compressor sta-
tions. It also would be needed for drilling wells. Overall, the requirement for wa-
ter to construct Alternative 3 is expected to be about 6,896 acre-feet (Table 2—
37). This water would be obtained from local sources.
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Table2-37  Summary of Sand, Gravel, and Water Requirementsfor

Alternative 3
Facility Amount Unit Rate Total Volume
Sand and Gravel
Improved roads 6,657 miles 1,173 yd3/mile 7,808,661
CMFs 1,546 CMFs 30 yd*/CMF 46,380
Compressors stations 1,100 yd3/station 344,300
Total (yd*) 8,199,341
Water
Roads 6,507 miles 0.1 acre-feet/mile 651
Pipelines 7,939 miles 0.04 acre-feet/mile 317
Well drilling 15,458 wells 0.08 acre-feet/well 1,237
Well completion 15,458 wells 0.05 acre-feet/well 773
Compressors Compressor  0.01 acre-feet/compressor 10
Total (acre-feet) 2,988

Non-CBM Development

As with the CBM wells, development of non-federal CBM would continue to
occur on non-federal lands. The agencies assumed development would be
proportional to the areal extent of private and state minerals present in the Project
Area. Table 2-38 shows the projected distribution of non-CBM wells for
Alternative 3.

Surface disturbance for a typical non-CBM well includes 2 acres for the well pad
and 1.5 acres for a 1 mile bladed road for a total of 3.5 acres disturbed for drilling
operations. Surface disturbance for a typical deep oil well (from 5,000 to 12,000
feet deep) includes 4 acres for the well pad and 1.5 acres for a 1 mile bladed road
for a total of 5.5 acres disturbed for drilling operations. Part of the well pad area
is reclaimed for production operations, and the entire area of disturbance is re-
claimed when the well is plugged and abandoned.

As shown on Table 239, almost 17,600 surface acres of the Project Area may be
disturbed by the construction of non-CBM wells. Most of this disturbance would
occur in three watersheds. They are Little Powder River, Upper Belle Fourche
River, and Upper Powder River. Once the wells are operational and partial rec-
lamation has occurred, long-term disturbance would encompass about 82 percent
of the original disturbance.

The non-CBM development also would require a workforce involved in con-
struction-related activities. After roads and well pads are constructed and wells
are drilled and completed, minimal personnel would be required to operate the
field. Table 2-40 shows the estimated employment requirements for the non-
CBM wells.
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Table 2-38 Projected Distribution of Non-CBM Wells Under

Alternative 3

Potential for Oil and Gas

Sub-watershed Very Low Low Moderate  High Total
Buffalo Field Office Area
Little Bighorn River 1 0 0 0 1
Upper Tongue River 3 12 0 0 15
Middle Fork Powder River 9 1 0 0 10
North Fork Powder River 1 0 0 0 1
Upper Powder River 0 11 165 0 176
South Fork Powder River 1 1 0 0 2
Salt Creek 0 1 9 0 10
Crazy Woman Creek 1 8 2 0 11
Clear Creek 1 11 0 0 12
Middle Powder River 0 1 25 18 44
Little Powder River 0 0 71 598 669
Little Missouri River 0 0 2 41 43
Antelope Creek 0 1 36 0 37
Upper Cheyenne River 0 2 15 0 17
Upper Belle Fourche River 0 2 95 176 273
Total 17 51 420 833 1,321
Casper Field Office Area
Converse County 88
Total 1,409

Alternatives Considered but Eliminated from
Detailed Analysis

Several potential alternatives were considered for this analysis, but were dropped
from detailed study for various reasons. These alternatives are listed below and
the reasons they were excluded from further consideration are described.

Alternative Considered:

Reasons Consider ed:

Return all produced water to aquifers

This alternative was specifically developed to
respond to issues about effects to aquifers and
soils and the quantity and quality of surface wa-
ter in and downstream of the Project Area. Un-
der this alternative, the Companies would cap-
ture and actively return produced water to aqui-
fers. Methods for accomplishing this return in-
clude storage and retrieval wells, infiltration
pits, land application (e.g., spreaders and sprin-
klers), infiltration at clinker zones, and leach
fields.
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Table 2-39 Projected Maximum Disturbance Dueto Non-CBM Wells
Under Alternative 3

L
Areal Extent of Disturbance

Short-term Long-term
Sub-watershed (acres) (acres)
Buffalo Field Office Area and TBNG
Little Bighorn River 6 4
Upper Tongue River 82 68
Middle Fork Powder River 55 45
North Fork Powder River 6 4
Upper Powder River 968 792
South Fork Powder River 11 9
Salt Creek 55 45
Crazy Woman Creek 60 50
Clear Creek 66 54
Middle Powder River 242 198
Little Powder River 3,680 3,010
Little Missouri River 236 194
Antelope Creek 204 166
Upper Cheyenne River 94 76
Upper Belle Fourche River 1,502 1,228
Total 7,267 5,943
Casper Field Office Area
Converse County 484 396
Total 7,751 6,339
Note:

Maximum disturbance is based on 5.5 acres and 4.5 acres per well for short-term and
long-term disturbances, respectively.

Table 240 Estimated Non-CBM Employment Requirementsfor

Alternative 3
Personnel  Workdays Workdays Average # of
Time Requirements Number  Required for PET Workers per
Work Category per Unit of Units (# per year) Project Year Day
Construction and Installation
Access Roads 1 day/mile 1,345 2 2,690 269 1
Well Pads 0.5 day/pad 1,345 1 672 67 1
Drilling and Casing 4 days/well 1,345 5 26,900 2,690 11
Well Completion 2 days/well 1,345 5 13,450 1,345 6
Total 43,712 4,371 19
Operation and Maintenance
Road/Pad Maintenance 1 days/well 673 1 673 34 1
Pumpers 20 days/well 673 1 13,460 673 3
Office 2.5 days/well 673 2 1,682 84 1
Well Workover 4 days/well 673 5 13,460 673 3
Total 9 29,275 1,464 8
Decommi ssioning/Reclamation
Wells 2 days/well 1,345 2 5,380 538 2
Roads 2 days/mile 1,345 1 2,690 269 1
Total 3 8,070 807 3
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Reasons Dropped:

The feasibility of an all re-injection alternative
appears to be limited. The BLM and FS could
not require the Companies to implement this al-
ternative. Much of the Project Area involves
non-federal minerals and non-federal surface
over which the BLM and FS have no jurisdic-
tion. Thus, they could not legally require the
Companies to return produced water to aquifers
where the agencies do not have the legal author-
ity. Furthermore, the alternatives considered in
detail involve returning at least a portion of the
produced water to aquifers.

Alternative Consider ed:

Reasons Consider ed:

Reasons Dropped:

Capture and treat produced water for additional
beneficial uses.

Under this alternative, the Companies would
capture the produced water, treat it, and make it
available for additional beneficial uses. These
uses include stock watering, wildlife habitat
(aquatic, wetlands, and riparian), recreational
opportunities (e.g., hunting of waterfowl), and
irrigation. In addition to responding to the issues
about effects to aquifers and soils and the quan-
tity and quality of surface water in and down-
stream of the Project Area, this alternative was
developed to respond to effects on terrestrial and
aquatic wildlife and recreational opportunities.

This alternative technically would not be feasi-
ble over the long term. Each CBM well is ex-
pected to produce water for a maximum of seven
years with a peak in production occurring during
the initial few years. If the agencies required the
Companies to treat the produced water and make
it available to additional beneficial uses, these
uses essentially would be relatively short term in
nature. Once the produced water from specific
wells diminishes, the beneficial uses supported
by that water also would diminish. Thus, benefi-
cial uses also would be short term in nature
wherever they would occur.

Alternative Consider ed:

Reasons Consider ed:

Staged rate of development.

This alternative was developed in response to a
variety of the issues raised during scoping, in-
cluding concerns about the volume of water dis-
charged to local drainages. Under this alterna-
tive, the Companies would control the number
of rigs operating in the Project Area and would
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Reasons Dropped:

develop their leases in stages. The number of
rigs working in the Project Area would be less
than the number currently working in the area.

The BLM and FS have no legal authority to con-
trol how the Companies develop their leases, as
long as they meet the Conditions of Approval
and requirements of all their other permits. Fur-
thermore, much of the minerals and surface in
the Project Area are owned by the State of
Wyoming or private parties. The BLM and FS
have no legal authority to direct the Companies
how they should develop these leases. Addition-
ally, the BLM and FS have a legal obligation to
ensure that leased federal minerals are fully de-
veloped and that federal minerals are not drained
by production occurring on non-federal leases.

Alternative Considered:

Reasons Consider ed:

Reasons Dropped:

No action on all lands.

This alternative was considered as a true No Ac-
tion alternative under NEPA. Under this alterna-
tive, no further drilling or development of oil or
gas wells would occur anywhere within the Pro-
ject Area.

This alternative was dropped from detailed con-
sideration because it was not at all feasible. De-
velopment of fee and state minerals, particularly
those already leased, would continue regardless
of the BLM and FS’ decisions. Because the de-
velopment of fee and state minerals undoubtedly
will occur, the BLM and FS decided a No Ac-
tion alternative that involved development of fee
and state minerals without the development of
federal minerals would more closely resemble
the actual situation of the BLM and FS denying
any further development of CBM from federal
minerals.

Alternative Considered:

Reasons Considered:

Surface discharge produced water, but ensure
water quality at the Wyoming—Montana border
does not change enough to adversely affect the
uses of water at and downstream of the Wyo-
ming—Montana border.

This alternative was considered as a means to
address the State of Montana’s concerns about
the quality of surface water entering the State.
Under this alternative, the quality and quantity
of discharges of produced water would be moni-
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Reasons Dropped:

tored to ensure any changes in water quality at
the Montana-Wyoming State Line would be in-
sufficient to affect downstream uses of that wa-
ter in Montana.

The signing and implementation of the Montana
and Wyoming Powder River Interim Water
Quality Criteria Memorandum of Cooperation
essentially eliminated this alternative. If the wa-
ter monitoring conducted under this agreement
suggests produced water discharging into the
rivers and subsequently into Montana may not
be meeting the interim criteria, the Companies
would have to discontinue discharging the pro-
duced water that is the source of the problems.
The thresholds or criteria identified in the
agreement are well below those that would result
in interference with the existing uses of water.
Therefore, the discharging of produced water
would be discontinued before the produced wa-
ter would interfere with any downstream uses of
the water.

Impact and Mitigation Monitoring and Reporting

Appendix D of this EIS contains a framework for a Mitigation Monitoring and
Reporting Plan (MMRP) that would be adopted for this project. This framework

was developed to:

» Verify implementation of mitigation measures adopted in the ROD;

» Measure the success rate of those mitigation measures:

» Make appropriate modifications to mitigation based on actual perform-

ance;

» Allow for peer review of mitigation and monitoring results; and
» Provide feedback to the interested public.

Summary of Alternatives and Environmental

Consequences

The following tables summarize the alternatives considered in detail and the
likely environmental consequences of each alternative. Table 2—41 contains the
summary of alternatives. This table contrasts the four alternatives in terms of
their physical characteristics. The matrix presented in Table 2—42 provides a
comparison summary of the effects to the various environmental resources that
would be realized by implementing each of the four alternatives for the Powder

River Basin Oil and Gas Project.
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Agency-Preferred Alternative

The BLM’s preferred alternative is Alternative 1 — Proposed Action. This alter-
native provides for the best balance of effects to costs and development of the
CBM. Most of the federal minerals in the Project Area have already been leased.
The pattern of federal and non-federal mineral ownership coupled with the
BLM’s responsibilities under 43 CFR 3162.2 to prevent drainage of federal oil
and gas preclude the BLM from choosing Alternative 3 as the preferred alterna-
tive.

Alternatives 2A and 2B offer some advantages over Alternative 1; however, the
advantages are insufficient to justify the additional costs and disturbance. Both
alternatives 2A and 2B would increase short- and long-term disturbance over Al-
ternative 1 by at least 10 percent. However, as documented in the analysis they
would not substantially decrease effects to air quality, visibility, and water qual-
ity — the primary issues for which the alternatives were developed. The amount
of CBM water produced by alternatives 1, 2A, and 2B would be the same. The
costs of implementing the water handling procedures of alternatives 2A and 2B
would be substantially higher than those associated with Alternative 1, but the
difference between the effects of these two alternatives and Alternative 1 does
not reflect or justify these additional costs. The analysis documents that the bene-
fits to air quality and visibility from electrifying half or all of the booster com-
pressors would be insufficient to justify the additional costs of requiring the
Companies to use electric booster compressors. It is estimated that few booster
compressors would be built on surface that is federally owned and BLM does not
have the ability to require electrification of compressors constructed off of fed-
eral surface. The permitting of the compressors is the responsibility of the State
of Wyoming.
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Table2-41  Summary Comparison of Alternatives Considered in Detail

Alternative

Parameter 1 2A 2B 3
New CBM Facilities
Number of Wells

Federal ownership 23,909 23,909 23,909 0

Non-federal ownership 15,458 15,458 15,458 15,458

Total 39,367 39,367 39,367 15,458
Number of Well Pads

Federal ownership 15,455 15,455 15,455 0

Non-federal ownership 10,542 10,542 10,542 10,542

Total 25,997 25,997 25,997 10,542
Roads (miles)

Improved 6,657 6,657 6,657 2,170

Two-track 10,619 10,619 10,619 4,337
Pipeline (miles)

2-3-inch poly 14,127 14,127 14,127 5,769

12-inch poly 5,311 5,311 5,311 2,170

12-inch steel 1,036 1,036 1,036 396
Overhead Electric Line (miles) 5,311 5,311 5,311 3,170
Compressors

Number of booster units 1,060 1,060 1,060 350

Number of booster stations 186 186 186 175

Total horsepower of booster units 371,000 371,000 371,000 122,500

Number of reciprocating units 298 298 298 97

Number of reciprocating stations 63 63 63 19

Total horsepower of reciprocating units 491,700 491,700 491,700 160,050
Water Handling Facilities

Analyzed number of surface discharge facilities 1,216 498 795 419

Analyzed number of infiltration facilities 1,821 4,032 2,931 893

Analyzed number of containment impoundments 37 43 36 16

Analyzed number of injection wells 285 342 342 147
Projected Short-term Disturbance (acres) 211,992 230,886 222,860 90,807
Projected Long-term Disturbance (acres) 108,799 127,693 119,667 45,057
Workforce Requirements

Construction and installation (number of workdays) 2,403,944 2,805,164 2,594,436 803,769

Operation and maintenance (number of workdays) 1,814,275 1,815,831 1,815,020 704,814

Reclamation and abandonment (number of workdays) 1,427,421 1,713,259 1,568,892 405,719
New non-CBM Facilities
Number of new wells

Federal ownership 1,791 1,791 1,791 0

Non-federal ownership 1,409 1,409 1,409 1,409

Total 3,200 3,200 3,200 1,409
Projected short-term disturbance (acres) 17,599 17,599 17,599 7,751
Projected long-term disturbance (acres) 14,402 14,402 14,402 6,339
Workforce Requirements

Construction and installation (number of workdays) 96,800 96,800 96,800 43,712

Operation and maintenance (number of workdays) 73,600 73,600 73,600 29,275

Reclamation and abandonment (number of workdays) 19,200 19,200 19,200 8,070

2-68

PRB O & G DEIS



SI3d O ? 0 ddd

[ SABUIR)Y SE s

[ PATIRUIS)Y SE duIes

[ PATIRUIS)Y SE duIeg

[ SABUIR)Y SE s
[ SA)BUIR)Y SE duwes

[ SA)BUIR)[Y SE s

[ PATIRUIS)Y SE duIes

[ SABUIR)Y SE duweS
[ SABUIR)Y SE s

[ PATIRUIS)Y SE duIeg

[ SA)BUIR)Y SE s

‘] OATIRUION Y SE QUIES

[ PATIRUIS)Y SE duIes

[ SABUIR)Y SE duwes
[ SA)BUIR)[Y SE duwes

[ SAIRUIR)[Y Sk s

[ PATIRUIS)Y SE duIes

[ SARUIR)Y SE s
[ SAIBUIR)Y SE duwes

1 PATRUIS)[Y SE duIes

69—C

[ SABUIR)Y Sk s

[ PATIRUIS)Y SE duIes

[ PATIRUIS)Y SE duIes

[ SABUIR)Y SE s
[ SAIBUIR)[Y Sk duwes

[ SAIRUIR)[Y SE dwes

[ PATIRUIS)Y SE duIes

[ SABUIR)Y SE dwes
[ SABUIR)[Y Sk duwes

[ SAT)BUIR)Y Se ouIeg

's189K ()] Ioqe Aq pa33e[ 1nq spueg
yoyesep) doop 10} uroped Je[ruIg "sredk
001 03 (S 19AO0 SINJD0 S[IAJ] Iajem
judtudoraaap-a1d Jo 3397 ()G 03 (T UIIIM
0} A19A009Y "STBIK ()] ISI1J UIYIIM A1D
-A0031 9,08< A[TeardA 1, -Surdund NgD
JO uonessao Jurmor[og sfeod padoaaap
Ul S[9AQ] 19JeM JO AI9A0031 [entul prdey
"Pa302)

-Je A|qead10u 2q Jou pnom s1jinbe
[e1An[[e pue swolsAs 19JInbe [euoI1d

-o1 9 unpIm Ajifenb 10jempunoIn)

“10JeMm 31RYOSIP NG SUIAIO0AT
syuowpunodwl pue S)a219 MO[oq UOTJRI)
-[yut 03 anp juowdofaasp NGO Suump
PIseaIouT YoJese A\ MO[[EYS JO 9SIeyday
(seaxe dnpying) 6009007
(seare umopmeIp) 7102-900T
8107-600¢
6002-900¢

(98reyosip NGD Su1A19021 S)QQI0 pue
syuowpunodulr M0[2q) 399J ()S— 03 |-

(19109
[JJeseA\ UIY) JO SeaIe Ul) 199) 05—

199} 0S¢01
199 00T 1-00€

K19A000Y

Arend

931eyoay

SpuES [oJeseA\ MO[[BYS
spueg yojesepy deag
UOIjRULIO,] UOTU[) 110,]

UMOPMEI(J WNWIXEJA JO POLIdJ

SpueS [oJeseA\ MO[[BYS
spueg yojesepy deaq
UOTJBULIO, UOTU[) }10,]

UMOPMEBI(] WNWIXBIA

JB1empuno o

dc¢

V¢

199JJH [enuajod

anlfeuRYY Aq 'S1094)3 Jo Arewwns  zi~za|deL

saAifeula)y pue quawdo@aaq panss| ‘uonedionied dlgnd — Z Jaideyd



SI3d O ? 0 ddd

[ SABUIR)Y SE duwes

[ PATIRUIS)Y SE duIes

[ SABUIR)Y SE duwes

[ SABUIR)Y SE duwes

[ PATIRUIS)Y SE duIeg

[ SABUIR)Y SE duwes

[ SABUIR)Y SE duwes

[ SABUIR)Y SE s

199J-0108 L0 181
[ SABUIR)Y SE duwes

[ PATIRUISYY SE duIes

[ SA)BUIR)Y SE s

[ SARUIR)Y SE duwes

[ PATIRUIS)Y SE duIes

[ SARUIR)Y SE duwes

[ SABUIR)Y SE s

[ PATIRUISYY SE duIeg

[ SABUIR)Y SE duwes

[ SABUIR)Y SE duwes

[ SABUIR)Y SE duwes

199J-010® [8L0LT
[ SA)BUIR)Y SE duwes

[ PATIRUIS)Y SE duIeg

[ SABUIR)Y Sk duwes

0L—C

[ SA)BUIR)Y SE duwes

'SMO[J [BUOSEIS
Y31y SuLmp saInjonxs [01U09 Poo[) st
9AIOS P[nom sjudwpunodul SNOISWINN

[ SA)BUIR)Y SE duwes

[ SA)BUIR)Y SE duwes

[ QATIRUIS)Y SE duIes

[ SA)BUIR)Y SE s

[ SA)BUIR)Y SE s

[ SA)BUIR)Y Sk s

199J-010® [LI°6LI1
[ SABUIR)[Y SE duwes

[ PATIRUIS)Y SE duIes

[ SARUIR)Y SE duwes

"POOUBYUS ST UOLIBN[IJUI IOYM
soSeuresp ur dojoadp Aewr s3urdg

“JUSWIIPIS dIOU
QAI19901 P[NOJ PUE JOJeM JIOUI JAIOIT
PINOM A[ONI] WESNSUMOP SIIOAIISIY

SoSIeySIp NGD WO}
SMO[J PASBAIOUT 0} NP J[PWMOUS SurInp

JUBQIOAO 0} A[ONI] QIOW dJE S[oUULRYD)

SOIPOQIJE A\ Q0BJING

'SMO[J PISBAIdUI 0) NP INIO0

pInom sageureIp 9oejIns Jo UOISOIg soSeurel ooe}Ing

'soeUrRIp 90RJINS PUEB SHUIW
-punodur UT S[EIOU ISYIO PUE S)[ES JO
SUOT)EIIUOIU0O dsned Aewr uonerodeary
'SoLIRINLI) SWOS

Uo UONESLLI JO asn ay) JIqIyul Aew
SUONBIIUSIUOD WNIPOS PUB SIN[BA YV'S
'seale paqiny

-SIp WOIJ JJOUnI 0} anp S[AJ[ Juasard
9A0QE 9SII 03 AJONI] SIO)eM QOBJINS UT
JUSWIPas papuadsns Jo SUONBNUIIUOD)

*SUIQ)S Ule
Jo Ky1enb 1o3em ur sagueyd 9[qISISoN Aiend
90BJINS 0)
199J-0108 917°9L ¥ PagIeyosIp 191 p\ PaonpoId INGD
9S1I 0} Pa30adxa SmoJJ [euoseas Y3
sjouueyo [erowoydo Aj1ouLiof
ur do[oAdp 03 A[9Y1] SMOTJ [eIUUdIO] Amuend)
JBIep a0eling
‘[e0d padojoaap jo (A[feo
-1M9A) 139F (OO [ UIYIM 2Ie A31]) SSa[un

Pajoagje AfTenueisqns 2q 03 pa3oadxa jou

are yojesep ur sSutids pue sjjop el
MO[J Ul 95B0I00P 20UdLIdAXD 01 K[|
I BAIE SIY} UL S[EOD UIY}IM PIOINOS dIe
ey sSuids pue s[jom uersare JuImoyj
*9oueINdo0 dueyouw A[qissod pue sdoip
[9A9] Joyem douaLIddXa 01 K[oI] oIB
yuowdooAdp INGD JO SOIW (] UIYIM
S[e0d pado[oadp ul paja[duwod s[om S[1oM/s3urdg

€

dc¢

V¢

I 10933 [enuajod

anlfeuRYY Aq 'S1094)3 Jo Arewwns  zi~za|deL

saAifeula)y pue quawdo@aaq panss| ‘uonedionied dlgnd — Z Jaideyd



SI3A9 ® 0 Bdd 1L-C

VoAl

-BUIONY UI UBY) SSO] 9 P[NOM 9SBIIOUT
nq ‘AYSI[s 9SLAIOUI P[NOM UOTSOID
puim 10j [enudjod ay ‘syuowpunodur
9SBAIOUI Y} puUL 93ILYDSI(] 90BJINS

*A[YSIS 9SBAIOUL P[NOM UOISOId ‘Tenudjod uoISOId puim Y3y
puim 10§ [enuajod 2y ‘syudstupunod e yIm S[I0S UO PIQINISIP 9q P[NOM LI}
-WI Ul 9SBIOUI 9} Pue 93IeYDSI(] SUO] AU} Ul SAIO. ¢ C| PUB WD) JIOYS
ur 9sea199p 2y 0) an(q “suondo Jurp 9oBJING UT 95BAIOAP oY) 03 AN “suondo A1) UT SAI0® §/ 57 Ajerewurxorddy
se suondo Jurjpuey Iojem ouwres oy} -UeY IoJem Ul 93URYDO Y} JO 9SNeoaq FuIjpuey Jojem Ul dFUBYD dY) JO SNeIdq  "S[I0S Apues Ul A[[eroadsa ‘[10s jo Jut
Kojdwo p[nom ¢ 9AIIRUIANY SY J[eY  BAIR POQINISIP UT 9SBAIOUT JOUTW AI9A  BIIR POQINISIP UT 9SBAIOUT JOUTW AIOA -[Id)J0)S PUB ‘UONBABIX? ‘UON)RIOTIA JO
ur nd ATYSno1 oq PInoM SOUBQINISIP [V B [HM ‘| SATIBUI)Y Sk oures oy} A[TeON B [JIM ‘| SAT)BUIS)Y Sk oures o) A[TedN [BAOWII 0} ONP UOISOIO PUIM PISLIIIU]

*9[BOS I9[[BUIS B UO INg
TE[TUITS 9q PINOM SJOJD ‘] QATIRUIONY

"S1N090 GIAD JO Juswdo
-[oA9p st g¥d oY} UIY)IM INdo0 pnoo
NGD owos Jo uoneiSiA SoIj [e0d

‘S[jom
JO IoqUINU IO[[EWS OY) O} dnp JUSIXd
JIO[[EWIS B 0} INQ | QANRUIO)Y SE owes

‘S[lom NED
-uou oy} woy judleAmba [0 jo s[o1
-Ieq uor[ru Qo[ noqe donpoid pnopy

INED JO 199

[ PATIRUISYY SE duIeg

[ PATIRUIS)Y SE duIes

punoiSiopun Joj [enudjod oy} 9seAId
-ul 1O QoUdpISqNs punois o[qedsnou
osned 03 Apeyiun st uonejuswo[duy

‘S[lom NED
-uou oy} woly juoeamnbe [0 jo s[o1
-Ieq uolf[u Ogg noqe donpoid pnopy

INED JO 199

21qno uolu} § noqe donpoid pnop | SATJRUIONY SE dWes [ 9ANRUI)Y SE dweg 21qno UoI[[Ly 9] Inoqe donpoid pnopy

"S[ISSOJ 90BJINS-qNS PUB IIBLINS AONSIP

*90URQINISIP JO JUNOUIE *90UBQINISIP JO *90UBQINISIP JOIO dFewep P[NOd SONIATOE JUIQINISIP

o[ews & 0) onp [enudjod peonpanjunouwre 1931e] & 03 anp [enudjod 1yIyunowre 1931e] € 03 onp [enudjod 19YIIY-punoId ‘0ourqIMISIP JO SBAIR UI JUIS
B UM INQ ‘[ 9ANRUI)Y O} IR[IUWNSE (M JNQ ‘[ SANRWR)Y O} IB[IWISE [PIM IJNq ‘[ 9ANRUR)Y O} Ie[iunS-oid ale suonewloy ¢ 1o ‘4 ‘¢ sse[) JI

Weaxsumop

s19p[oy Y3 10jem papruad o3 Ky1jiqe

-[TeA® Jojem ysturwip Aew syuowpunod

[ SATJEUIONY SE SWeS -wit AQ SMO[J JO UOTIONPAI [BIIUI0

[ PATIRUIS)Y SE duIeg [ PATIRUISYY SE duIes

'Sosn [e101JOUSq
Wear)SuMop JOY}o pue uonesLul 10y
[ 9ATJRUIONY SB dWeS JIoYem 90eJINS Jo A)I[Iqe[IEAR PISBAIdU]

[ SA)BUIR)Y SE duwes [ SABUIR)Y SE s

[en
-udjod uoIsoIo puIm Y31y yIm S[I0S U0
P2)EO0] SANI[TOR] WOIJ $}IJJO [EUOISOI

s|ios

spIezef] [eo130[090)

S[eIOUIIA

A3ojojuoared

S[eullN pue ‘ABojojuoaed ABo
-|1089 ‘AydeibosAud

as) JdjeAN 20BJINS

€ dc¢ V¢ 1

QATJBUI) Y

199JJH [enuajod

aAIRURIY AQ ‘S1991)T Jo Arewwns

cr—¢oldelL

saAifeula)y pue quawdo@aaq panss| ‘uonedionied dlgnd — Z Jaideyd



SI3d O ? 0 ddd

L

SO X

*9[B9S JQ[[BWUS [ONUI B UO Ing

TB[TWIS 9q PINOM S}OJJJD ‘] SANRUINY
se suonido Surjpuey 1ojem dues oy}
Kojdwo p[nom ¢ QATIRWIANY SY “Jey
ur Inod A[Y3nol oq Pinom oURqINSIP [

sadoys daoys proae 03 pajedso] 9q
pInom speoy juddiad Gz udty 191eaId
padols uo pajed0] 2q PINOM SIANI[IoR] ON

"9[©9S JO[[BWS © UO INq

SO X

"V 9ATIRUIRNY Jopun
paouaLIadxa 950y} URY) SSI 9q p{nom
[ 9ANBUIR)Y WOIJ S109JJ2 Ul SAFueYD

9say], "ApYSIIS 9seaIdul pjnom
uonoedwods pue Surxmu [10s Inq
PaoNpal 9q pINom UOENIJUI I0J [B1)
-uojod oy ‘syudwpunodur ur 9seAIOUL
o) pue 93IeYISI(] 998JING Ul ASBIAIIAP
o) o3 ang suondo Surpuey 1jem

ur o3ueyo 9 JO 9SNLOIq BATE PAQIN)
-SIP UI 9SBAIOUI IOUTW AIOA B M

‘] SANRUIRNY SB QUWES A} A[TBIN

sodoys doa)s proAe 03 pajeoo] aq pinom
speoy ju0d1ad gz uay) 10)ea13 padols
U0 Pajedo] 9q PInom saNIIde] ON

Vioan

-BUIO)Y UI UBY) SSO] 9 P[NOM 9SBIIOUT
g ‘A[3yS1[s 9sLaIdUI PNOM UOISOIO
I0yeM J0J [enudjod oy ‘syuswpunod
-Wwl Ul 9SBAIdUI Y} pue 331eYISI

TB[TWIS 9q P[NOM S}OJJJD ‘] JANRUIONY J0BJING UI 9SBAIAP Ay 03 an “suondo
se suonido Surjpuey 19)em dwes 9y} Surjpuey I9jem ur 93ueyO oY) JO asneddq Suljpuey Jojem ul d3ueyd Ay} Jo asnedq -dedwods pue Furuadaoys adofs ‘uonesrdo

Kordwo pnom ¢ dAnRUINY SY Jley

BOIE POQINISIP UI 9SBAIOU JOUTU AIOA

SO X SO X

‘S[10s [eIn)

-[noudy dwid uo Io ‘Ayurfes Y3y ‘[en
-uajod uone)a3orar moj ‘Tenusjod uon
-oedwod Y31y Yim S[I0S U0 PaqImsIp 9q
pInom urid) Suoy oY) UI SaI198 ()08°COT
PUE ULID) 1I0YS Y} UI SAII. ///°90T
Aorewrxoxddy -[1os jo Surfidyools

pUB UOTIBABOX? ‘AjIuTes ur soSueyo
‘uonoedwoo ‘uoreIdsaA Jo [eAOWI

03 anp Aj1aponpoid [10s Ul UononNpay

“APYSI1s 9sea1our pjnom

uonoedwods pue Surxmu [10s nq
PaoNpal 9q p[nom UOTEN[IJUl I0J [B1)
-uojod oy ‘syudwpunodur ur 9seIOUL
9} pue 93IeYDSI(] 998JING UI ASBIAIIAP
oy o3 ang suondo Surpuey 1jem

ur o3ueyo 9 JO 9SNLOIq BATE PAQIN)
-SIP UI 9SBAIOUI IOUTW AIOA B [IIM

‘] QANRUIRNY SB QUWES A} A[TBIN

sodors doass proAe 03 pajeoo] aq pinom  sadoys doeals proAe 03 pajeso] aq pinom
speoy 1ued1ad gz uoy) 10jea13 padofs  speoy Iued1dd gz usy) 19)ea1d padols
U0 Pajeso] 9q PInom saNIIde) ON U0 Pajedo] 9q PInom saNIIde] ON

“UOTJEIEB[OAT

I9)Je 189K oUO J89K/0108/SU0) 9" O}

G'() PU [I0S dIq UO 18K /2108/SU0) /'] |

0} "¢ woiy dFueI S[10S 9SOY} UO SAJeUL

-1359 sSO[ 10§ ‘[enuajod UOISOId JojeMm

"APYS1]s 9seaIOUl PINOM UOISOId  YSIY YIIM S[I0S UO POgINISIp oq pInom

I01eM J0J Tenudjod oy ‘syuowpunod Lo} SUOJ Ay} UI SAIE ZGH ]E PUE ULID)
-w Ul 9SBaIOUl AY) puk AFIeYISIJ  MOYS Y} Ul Sa1or [69°9/ Afdrewxold
90BJING UI 9SBAI0IP Y} 03 on(g "suondo -dy "sj1os Kokefo ur A[jeroadss ‘uon

BOJE POQINISIP UI 9SBAIOUL JOUIUE AIOA  -Xd ‘UONEIOTIA JO [BAOWAI 0) NP UOT)

spaepuejs Ajijenb Ire Judrquie [e19pay

pue SurwoAp, yrm douerdwo)

Aend Jy

Ayanonpoid [10S U0 S}991

Juadrad g7
uey) 10e013 sadojs uo uoneso| Aioe

1enujod
UOIS012 I9)em [IIY (IIM S[I0S UO

ur Ino ATYSno1 9q pynom odUBQINISIP [V B YIM ‘| SANRUIONY S Swes oy} A[TEIN B YIIM ‘| QANBUIONY S dwes oy} A[JedN -LJUSWIPAs PUE UOISOIO JoJem PISEIIOU] Pojedo] SINI[IO.] WOI) S109)J0 [BUOISOIT

€

dc¢

V¢ 1

QATJBUI) Y

aAIRURIY AQ ‘S1991)T Jo Arewwns

199JJH [enuajod

cr—¢oldelL

saAifeula)y pue quawdo@aaq panss| ‘uonedionied dlgnd — Z Jaideyd



SI3d O ? 0 ddd

"PAYSIOIEM-qNS IOATY
"PAYSIDIEM-qNS IOATY IO 10pmod 1oddn ot ur moo0 prnom

-mod 1oddn oy ur 1noo0 prnom yorym yorym Jo jueorad g¢ Ajorewrxordde —
Jo 1uea1ad 0] W9I-3UO0[ Y JOAO BATY  ULID)-FUO[ 3} J9AO BTy 103[01g o)
103[014 oY uI paqIMISIp 9q P[NoMm duel Ul PAGINISIP 2q prnom aguel FuoIeak
Suo[1eok-10)uIm Jo Juddred | uey) ssoT  -IoJuIm Jo Judorad | Ajejewrxorddy

€L

"paysIorem

-qns 1AL 19pmod 1oddn ayy ur nooo
pInom yorgm Jo Judorad (g moqe —
ULI9)-3U0] 2y} J9A0 BTy 103[01d o)
Ul paqInisIp oq pynom aguel JuoIeak
-IoJUIM JO Jua01dd | uey) sSoT

“paysIorem

-qns JOATY Jopmod 1oddn) ayp ur

INd590 pinom Yorym jo judorad (g moqe
— WIR)-3U0[ Ay} I9A0 BTy 103[01g 2y)
ul pagImsIp 9q pynom dguel JuoIedk
-IoyuIm Jo judorad | Ajorewrxorddy

o3ues Suo[Teak-193UIM JOIP SN

‘poysIojem
-qQns JOATY JOpMOd S[PPIA Y} UI INOJ0
pInom 9oueqIMSIp SUO[ILIA-1oIUIM

oy Jo Juedsad 00 “we) Suof oY) 10A0
©oIY 100(014 9} UI POgINISIP oq pjnom
soSuer yoq Jo yuodsad | ueyy sso]

souey Suojres A pue Suojredk

[ 9ANRUIA)[Y SE dweg -IOJUIAN 193] POTEI-OMYM

[ SABUIR)Y SE duwes [ SABUIR)Y SE dues

“uLI9)-3U0] oY}
IOAO ATV 103[01g o) UI PoqInISIp oq
pinom a3uer sy} Jo juedrad | xoiddy

“uLI9)-3U0] oY}
IOAO BAIY 309[01g 9y} UI PaqIMSIp oq

1 SAIJRUIR)Y S duwes prnom a3uer s1yy Jo Jusordd 7 ~xoiddy oFuer Suojredk-1ojuipy uroy3uoid

[ QATIRUIS)Y SE duIes

SieyqeH
jueprodwy  so10adg swen) Sig
SIPIM
SAIO® 66T SAI0® 70 ¢ SoI0® 997°/ saroe /7ec spuepom ‘uertedry
SaIoR [1E°GT SQI0R / [S‘Eh SAIOR ¢H6°Gh SaI108 £00°0% spue[qnIys ysniqages
Juswooe|dsip
SAI0® [€7°TS SAI0® / €6 €T SAIOR €969t | SAI0B 690 ‘|T1 Uuo118)a59A UIR)-3UO] [[BIDAQ
uolepbon
skep L'gz 01 A skep 6'L€ 01 A skep 1'1y 01 dn skep L'ey 01 dn AP §'0 < APV
skep 9'9 01.dn skep g6 01dn skep ¢01 01 dn) skep g1 01.dn AP O'T < APV

:SBIR [ SSE[D) PUE | SSB[D) SADISUSS
ur spjoysaiy} ANIqIsia yim souerjdwo)
opAyopeuIo]
ouozuog
:POYSAIY} JSLI JoouLd YIm douerjdwo))

SOA
SOA
[ SABUIR)Y SE s

[ SABUIR)Y SE duwes [ SABUIR)Y SE duwes

o3uer urym

[19M INQ ‘PIOYSIIY} ISAIOLLS IAOQY opAYoprewLIO]
SOX QUIIAY
SOX audzudqIAYIg
SOX auanog,
SOX oudzuog
SOX QUBXOH-N
| SANBUISI[Y SE JWeS | SANBUISI[Y SE dWeS | SANBUISI[Y SE JWeS SOA SuoHeRudsuos noy
-g WNWIXBW 10§ SP[Oysa1y) juesnfjod
Ie SNOPIBZBY S31R)S JO TR UIYIAM
€ a7 V¢ 1 19944 [elU10d
QATIRUINY
_____________________________________________________________________________________________________________________________________________________________|
aAITeU RV AQ ‘S1094T Jo AleWWNS  Zh—Z3|qel

saAifeula)y pue quawdo@aaq panss| ‘uonedionied dlgnd — Z Jaideyd



SI3A9 ® 0 Bdd vL—T

L]
‘s19yem uononpord ur s[elour pue
S)[ES JO S[OAQ] PAIBAJ[S 0} dInsodxo woiy
1n500 ABW SJRIGRMIAAUT pue sjueld
onenbe 0) $)09JJ0 1021IpU] ‘S}EIIQRY
3unsIxa Jo uonepeIsop 1eo UOHBUIID
1) Ul J[NSAI OS[e ABW SIdJeM UOTONPOI]
‘syeyqey Sunsixa Jo sjudwaAoxdur
10/pUE S1B)Iqey MU JO UOT)BIId dpn[oul
Kew s)1joudg ‘SUONIPUOD [BOIS0[0IPAY
[ed0] uo Surpuadop [EJUSWILIAP IO [BIOT
[ QAIIRUIS)Y SB JWes [ 2ANBUIR)Y SE Jwes [ 2ANBUIR)Y SE JWes -oUaq [90] 9q ABW 20URQINISIP JEIIqRH [MOJIaTR A\

‘poyuswdrduur
jou aI1e s1101J0 uonedniw deudordde
J1 SUOTSI[[09 9SNOIT JO JOQUINU PISEIIO
-ur u1 jjnsal Aewr saur A)jnn punoid
-OAOQE JO JoquINU Pasea1du] ‘3urrear
pooiq pue ‘3urpaaiq ‘Sunsau 109)je
Kewr A)TATIOR UBTUNY PISBIOUT {SJeIIqRY
SuLreas pooiq pue JuIpady ‘Sunsou 9[qe
[ QATIRUIS)[Y SE duIes [ QATIRUIS)Y SE duIeg [ PATIRUIS)Y SE duIes -)INS UI IND00 ABWI 90URQINISIP JeIIqeH dsnoIn) paytel-dieys surejq pue oSeg
“Aupqejrese
Ko1d 1e00] 19318 At 9OURQINISIP JR)IqEH
‘sj0)del [800] JO AJI[EIIOW OSBIIOUI AR
SUOISI[[09 JI[P[IM/I[ITYA PISBIIOUI
10§ Tenudjod o) pue saur] punoiforoqe
MON "s10yder 10} says yorod mou
opraoid Aewr sajod A)in MoN suIo)
-jed Ayanoe Joyder 19)e Aew douosard
upwINy PaseaIou] “INdd0 PnoMm sjejqey
[ 2ANBUIR)Y SE Juwes [ 2ANBUIR)Y SE Jwes [ 2ANBUIR)Y SE Jwes Ka1d pue Sunsou punoisd Jo 2ourqINISIJ s101dey

'$5900NS Ul

-uny [e39] pue Suryoeod ‘SUOISI[[0O 9]0
-TOA POSBAIOUT UT J|NSAI AR SOIIATIOR
uBwINy paseaou] ‘syejiqey Ajjenb romoj
A[renuajod 0 syeyqey 9[qRINS ISIM
-IoU30 woJj swes J1q 10Jop AW 9oURq
-IN)SIp UeWNY "S}e)Iqey Jo asn awed

[ 9ANRUI)[Y SE dweg [ 9ANRUI)Y SE dweg [ 9ANRUI)Y SE dweg S1q 19)]e Kew uonejuowSel) jeyqeH swen Sig
eIy
JUSWIOFBURTA] J00I)) UOEOLILIO,]  “BAIY JUSWOSRURIA J00I)) UOI)EOIJILIO]
ur poqInisIp oq pinom oSuer JojuIm ur paqImsIp oq pinom dJues IojuIm (5[ea1D uoneoy1Io )
[ 9ANRUIN)Y St dues [ ANRUIN)Y St dules [eronuo Jo jued1ad 4 Ajorewnxorddy Jeronio jo juadrad ¢ Ajereuwnrxorddy oFuel IoyuIM [RIONIO Mg
€ dc Ve [ 1994 [enu910d
ATRUIRY

anlfeuRYY Aq 'S1094)3 Jo Arewwns  zi~za|deL

saAifeula)y pue quawdo@aaq panss| ‘uonedionied dlgnd — Z Jaideyd



SI3d O ? 0 ddd

[ PATIRUIS)Y SE duIes

[ SAIJRUIS)[Y SE Juwes

[ QATIRUISYY SE duIeg

[ SABUIR)Y Sk duwes

[ QATIRUIS)Y SE duIes

[ PATIRUISYY SE duIes

"SOATY
-BUIDY [[B JO sa10ads onenbe 03 s309330
Tenuajod Jo junowre 1S[[ews ) Ul
J[NSI P[NOM PUE JATJRUI)R SIY) Iopun
posodoid st (S[[oM §GHCT JO %tS)
931eYDSIp 99BJINS JO JUNOWE JSBI[ Y],
‘spuod pue sweans ur SUONBIUIIU0D
[e1ow AABQY JO sasea1our pue ‘spuod
PUB SWEBALS UI SUOIIRIUIOUOD J[BS

JO SISBIOUT ‘UOT)BIUIUWIPIS UT SISBAID
-Ul ‘SMO[} Wweans asearoul A[[enuojod
PINOM SPaYSIdJeM-qns () UI 1oJem
INGD paonpoid jo a31eyosIp 2oeLINg

[ PATIRUIS)Y SE duIeg

[ SAIIRUIS)[Y Sk Jwes

[ PATIRUISYY SE duIes

[ SABUIR)Y SE duwes

[ PATIRUIS)Y SE duIes

[ PATIRUIS)Y SE duIes

‘[ MV UBY) SS9 pue g

IV uey sarads onenbe 03 5109532 [N
-u9jod 210w UT J[NSAI P[NOM PUE AT}
-BUII)[E STY} Jopun AZIeOYSIP 90BJINS
01 pasodoid a1e s[[om £9€°6€ JO %0f
‘spuod pue SuIea1s Ul SUOHRIUIIUOD
[eow AAeaY JO sasearoul pue ‘spuod
PUE SWEAIS Ul SUONRIIUIIUOD J[ES JO
SOSBAIOUI ‘UOTJRJUSUIPAS Ul SISLIIOUI
‘smolJ weans asearour A[jenudjod
pInoMm SpaysIajem-qns () Ul 1jem
INGD poonpoid Jo a31eyosip aoejIng

L

[ PATIRUIS)Y SE duIes

[ SAIIRUIS)[Y SE dwes

[ PATIRUIS)Y SE duIes

[ SABUIR)Y Sk s

[ PATIRUISYY SE duIeg

[ PATIRUIS)[Y SE duIeg

|¢ NV pue

[ )V uey sardads onjenbe 03 5109539
Tenuajod SS9 UI ) NSAI P[NOM PUB dAT)
-BUII)[E STY} JOpUn AZIBYOSIP 90BJINS
01 pasodoid a1e s[[om /9€°6€ JO %ST
‘spuod pue SuIea1s ur SUOBHUIIUOD
1eow AAeaY JO sasea1oul pue ‘spuod
PUE SWEAIS Ul SUONBIIUIIUOD J[ES JO
SOSBAIOUI ‘UOTJRJUSUIPAS Ul SISBAIOUI
‘Smo[J weans asearour A[renuojod
PInoMm SpaysIajem-qns () Ul 1jem
INGD poonpoid Jo a31eyosip aoejIng

‘eary 309fo1g
A} UIY)IM 9OUSLINDOJ0 JO JOB[ PawIns
-se 0} anp $310ds SIY) 0} S109F8 ON

'sa102ds sy
100)5€ Aew sjejiqey SuLieal pooiq pue
Sunsou o[qeIns 0} 9dUBQINISIP UBWNH

‘pajusw

-o[dwr Jou oJe SaINSLAW UoneINIW

J1 SUOISIT[0D 9[OTYAA/[Fed dseaIour Aewr
BOIY 109(01g 1) UT S[OAS] OLFeI) POIeA
-390 pue ‘2ouURQIMSIP JBIIQRY [EJ0] pUER
SONIATIOR UBWINTY PASLAIOUT Aq Pajoajje
9q Aew FunsO01 19JUIM pue SUurISON

‘Bary 109fo1g
AU} UIY)IM 9JUALINDII0 JO JIB[ pawuns
-se 01 anp sa10ads SIy) 0} S199)J8 ON

‘eary 309fo1g
AU} UIY)IM SOUSLINIJ0 JO JOB[ powIns
-S& 03 aNp $3103ds SIY) 0} S103FFE ON

‘poyuswdrduur

jou d1e saInseaw uoresniw sreridordde
J1‘syeliqey o[qe)ns pue sjenplAlpur
1003 A[3091Ip pPnom sonIAnoe 309fo1g

'sa100ds
onenbe 0 $)09))9 [enuel0d Jsowr Ul
J[NSI P[NOM PUE JATJRUI)R SIY) Iopun

posodoad st (S[[oM LIE6€ JO %T9)
931eYDSIP 9JBLINS JO JUNOWE JSATIe] YL,
‘spuod pue sweans ur SUONRIUIIU0D
[e1ow AABQY JO sasea1our pue ‘spuod
PUB SWEBALS Ul SUOIIRIUIOUOD J[BS

JO S3SBIOUT ‘UOT)BIUIUWIPIS UT SISBAID
-UT ‘sMO[J Weans asearour A[fenuojod
PINOM SPAYSIdJeM-qNS ()] UI 1oJem
INGD paonpoid jo a31eyosIp 2oeLINg

PO} [8210q UISIA

J10A0[d UrBUNOIN

913eo preg

10119 PaJ00J-yor|q

asnow urdwn( mopeaw s,9[qa1d

Sop aueid payrel-yoerg

S910905 ANSUSS
1o ‘pasebuepu3 ‘pausren.y L

317 openby

€

dc¢

V¢

!

QATJBUI) Y
|

aAIRURIY AQ ‘S1991)T Jo Arewwns

199JJH [enuajod

cr—¢oldelL

saAifeula)y pue quawdo@aaq panss| ‘uonedionied dlgnd — Z Jaideyd



SI3d O ? 0 ddd

9L—C

[ PATIRUISYY SE duIeg

0€C
90S
650°1

96€°1S
90801

‘[ewITuIi 9q PINOM ST}

-19dou1d ou103s1Y JO UONO01d pue uon
-BOIJ1IUSPI QY] JOAO [0IUOD [BIIPIJ Ing
9uowdorosap oyearrd 10j 9oBJINS [RIOPAF
uo Indo0 Aew saniioey poddns 10 o1y
-ONISeHUI SWOS "UONEINIW 10 UOT}Od)
-01d Jo w0} swos Jurrnbar sonzodord
J1I0JSTY 9q KB SIS ()7 Iy} pajoad
-X3 S1 ] "SpaysIaem qns 3031 adof
-)UY PUB 221D UBWOA AZBI)) ‘TOATY
10pmod Joddn oo 1e9[D Y ur 9q
pInom s399330 pajedionue 1593813 oy

[ PATIRUIS)Y SE duIes
(4!
06L
99¢€°¢

690°v€1
6SY 0¥

‘uore3nIW Jo uonId}

-o01d Jo w0} swos Furrnbar sonzodord
J1I0JSTY 9q ABWI SIS G4 Jer) pajoad
-X3 S1 ] "Spaysiajem qns 3031 adof
-)UY PUB JO2I)) UBWOA AZBI)) ‘TOATY
10pmod Joddn oo 1B9[D Y uI 9q
pInom s199330 paredionue 1s9)eaI3 oy,

[ PATIRUIS)Y SE duIes
la4d!
06L
0€9°¢

S60°Tr1
S8P'8IT

"SOATIRUID)[E JOTJO Q) UEBT[) SOINSLI
oAnE3NIW Jo 9A10)01d o1ow a1mbar 0y
ATOYI] ST OATIRUIS)E ST ‘soSeureIp o)
Suofe sonIIoe] SUIPUEY Iojem [euon
-Ippe JO 9sneoog "UuonesnIu J0 uonad)
-o01d Jo w0} swos Furrnbar sonzodord
J1I0)STY 9q KB SIS ()L Jer)) pa3oad
-X3 S1 ] 'Spaysiaem qns 3031 adof
-)UY PUB JA2I)) UBWOA AZBI)) ‘TOATY
10pmod Joddn oo 1e9[D Y ur 9q
pInom s399330 paredionue 1s9)eaI3 oy,

"AppeaIs

ATeA pnom speo d110ads U0 dsearour
Jo junowre oy, Juaorad ¢z uey) arowr
9seaIour 03 pa3oadxa s1 o1jer) Ajiep a5e
-IoA® o1} BTV 109(01d 2IMUD A IAQ

90¢T°1
06L
6T1‘c

10z°cTl
165°62C

‘uone3nIW Jo uonId}

-o01d Jo w0} swos Furrnbar sonzodord
J1I0JSTY 9q ABW SIS ()¢ It} pajoad
-X3 S1 ] "Spaysiajem-qns 3031 adof
-0)UY PUB JO2I)) UBWOA AZBI)) ‘TOATY
10pmod Joddn “yao1) 1e9[D Y uI 9q
pInoMm $199§32 paredionue 1s9)eaId oy,

SuoOnIpuo) JUNSIXH 0} AT
-e[21 o1jjen) A[1Rp d3eI0AR UI 9FURyD

UOTJEWE[00Y 29 SUTUOISSIWOId(]

oouruUIRIA pue uonerddQ

uone[[eISU] puE UONONNSUO))
SdLL] 9[OIYIA [EUOHIPPY

(so1oe) WI0)-3u0]

(sa108) WLId}-1I0YS

SOOINOSAY
pueosuey jo juowoe[dsiq

uoireliodsue. | pue ss pueT

100344 JO UOnNqLISI(] [BIOUSD)

:(SONISUSP 9JIS UMOUY
U0 Paseq) pajodjje 9q Aew Jey) SoYs

969°T Sep's 109°€ 88C°€ 9010831 [EIN{NO JO JOqUINY [J0],
$90.N0S3y [eJMND
€ € Vi 1 109137 [ENUS10d

QATIRUION Y
|

aAIRURIY AQ ‘S1991)T Jo Arewwns

cr—¢oldelL

saAifeula)y pue quawdo@aaq panss| ‘uonedionied dlgnd — Z Jaideyd



SI3d O ? 0 ddd

LL—C

‘pored

-1013UR A[Snoiadid uey) poLl
-od 103u0] ®© 10J paureIsns oq
prnom juswkodud A1epuodeg

“AyrunuIuod “AyrunuIuod “AyrunuIuod “AjrunuIuod

oU) Ul ISTXD ApBAI[R SIONIOA, <« oU) Ul ISTXO ApBAI[R SIONIOA, <« oU) Ul ISTXd ApBAI[R SIONIOA, <« AU} Ul ISTXd APBAI[R SIONIOA

'SIBdA ()] 381 Ul 'SIBdA ()] 381 Ul 'SIBdA ()] IS Ul 'SIBdA ()] 381 Ul

15918213 9q pinom juowikojdwy  «  1s91eaIS oq pinom juowkojdwy  « 15938213 oq pinom juowkoldwy  « 15938213 9q pInom juswkojdwyg

‘paxmb ‘paxmb ‘paxmbar ‘paxmbar

-019q P[noMm SIdIOM INFD -31 1 SIOYIOM NGD-Uuou 9q pPInoM SIONIOM NGD-UOoU 9q pPINoM SIONIOM NGD-UoU
-uou ¢ pue NgD MaU L09 <« L9 Pue SIDHOM INED TITT < L9 pue SIBHOM INED 09T < L9 pue s130M INED L6 uowkojdwg 0 109554

SOILIOU0J30100S

“Jour 9q prnom
UOTIBAINAI 10J SAATOA[qO S.I pue NI
"PA103JJ® 2q 10U P[NOM SBIIR JUdWTe
-uew [e10ads ur uonearday -309foxd oy
JO oJ1] oY) 10§ vary 309[01g 913 Jo Surs
[eINJeU Y} 1931JE [[1IS P[NOM SANI[IOB]

*3u1)9s [eINJRU YY) pUB SPMIIOS

Jo ssof 1o[ews Apoyeuontodoid € yym

‘Y7 9ATIRUION Y uey) sjuowrpunoduur
Aq pagInIsIp 9q p[noMm SaId. JO Joquinu ‘3urpas [ermjeu oy pue
‘spue] ojeAlld pue 2Je}S  IO[[EWS B ‘IOAIMOH 'Y QARUIANY UI  9PMIOS JO ssof 10jed1d v ur Sunnsar  Jo uonerodo pue uonje[[esu] ojen
U0 INOJ0 P[NOd JUT)AS [eINJEU PUE PN} S SAIOR [RUOTIIPPE 7899 qIMSIP P[NOM ‘SAI0R 789 [RUOTIIPPE UE qIMSIP P[NoM paonpar Aea1s Jo asneooq SS9 9q
-1]0S JO sSOT "DNE.L 2y} 10 spue| N1 spoyjoul Suljpuey Iajep ‘] dANRU spoyjoul uljpuey IdJeA\ "] SARU P[NOM IPMII[OS JO SSO[ A} ‘UOTONIISUOD
U0 INOJ0 PINOM TOTJEI0AI 0 s)oedul  -I9)[ St OIS oIk SANI[IOB] PAJBIOOSSE  -I)[Y St WIS dIk SANI[IOB] PAJBIJOSSE 1)y “SUINIS [eINJeU Y} pUuB dPMI[OS JO
ON] 'S9SBJ] [BIOPIJ UO PJONINSUOD 2q PUE S[[oM JO UOTONIISUOD oY) WO} PUE S[[oM JO TUOTONIISUOD A} WO  SSO[ B YSNOIY) 99UIIAAXS [BUOT)EOI0T

PINOM SONI[I0R] POYRIdOSSE PUE S[[oM ON santunjioddo [euonea1odl uo 109339 oy, saniunjioddo [BUONBAIOdI UO 109130 OY], Y} JOJ[E P[NOM SINIALOR UOHONISUO)) S30.IN0S3Yy [euo|11ea.109y

"S2IM)Ba)J [RINJBU [)IM OZIUOUWLIRY pUE
Ppud[q 03 pare3nIiw A[qeuoseal a1e Ay}
J1 9[qISIA 9q UBD SANI[IOR] JBT) UT ‘}ou
9q p[nom QIS I0J SUOHIPUOD PAIISa
"0 Jo (OIS) $9A109[(qQ L1113ayug
O1U90S) YIm paeuew seare HONGL

U0 PajoNISu0d aq p[nom SanI[1oe]
PIRIOOSSE PUE S[[9M /€ JOW 2q P[Nom
SeaIe AT SSe[)) 10J SONI[IOe] PIJEIo0Sse
PUE S[[om (€S PUB SBAIR []] SSB[D

10J SONI[I0R] PIJBIOOSSE PUB S[[OM §E6°C
10J SOAT}02(qO JustoSeuRA “PIIUS

‘parudworduur

AJIngsso0ons a10m UOnEIHIW J1 JoW 8q

PINOM SOA102(qO JuswdSeURW || SSBD)

oedwl [ensiA Jo[ews Afoyeuorzodord
B M Y7 9ANRUIONY Uey) sjuswpunod “pajus
‘spue| -1 AQ PoqINISIp 0q PINOM SIIOL JO -opdur Ajjnyssooons ozom uonednrw  -opduwr AJ|nyssedons d1om uonesnIw
9jearrd pue 9)e)S UO INOO0 PINOM UOT) JIQUINU JO[[BWS B ‘JOAIMOH "V QANRU J1 JoUI 9 P[NOM SIATIS[qo JudwdSeuetw  J1 30w 9q Pnom saA1309(qo judwoSe
-e1odo pue uononnsuoo woy spedwr -1y UL SE SOIO. [BUOHIPPE 789°9 qIn) 11 SSB[D "SeIOk [EUONIPPE 789° qINJ  -UBW [ SSB[D) "SBOI. I[ SSB[D) JAYA UO
[eNSIA "SOSEI[ [BIOPIJ UO PAJONIISUOD 9q  -SIP PNom spoyjowt Surjpuey 10jep ‘| -SIP p[nom spoyjou Surjpuey Jojepy ‘| pIonIsuod oq pinom sonIjoe) Surjpuey
PINOM SONI[IOR] POYRIOOSSE PUE S[[OM ON QAIJBUISNY SE QWIBS OIJe SPBOI PUE S[[OA\ JAIJBUIONY SE QWIS OJe SPBOI PUE S[[OA\  JOJem PUE ‘SPEOI PIJBIOOSSE ‘S[[oM /] €

€ dc¢ V¢ 1

QATJBUI) Y
|

anlfeuRYY Aq 'S1094)3 Jo Arewwns  zi~za|deL

$90IN0S3Yy [ensIA

199JJH [enuajod

saAifeula)y pue quawdo@aaq panss| ‘uonedionied dlgnd — Z Jaideyd



SI3d O ? 0 ddd

8L—C

'S109JJ0 aImy
-onyseqjur Jo Jursnoy aAne3ou
OU 9q PINOM JIOY} PUB INOS0

'son
-1[108] SuI[puey Jojem JO OdUBU
-9Jurew pue UONONISUOD 0}
aNp QOUBU)UIBW PEOI ISEIIOU]
uor

‘(uoneyod

-SUBI} 99S) SPUBLIIOP dJUBUD)
-UIBW PBOI 210J2I2Y) PUB SPBOI
UO O1jJeI) PASLIIOUT UT J[NST
pnom uonoy pasodoid ay L
'san

-1[10%] [eOTpaW pue ‘uor)oejoId
o11J ‘sjooyjos ‘[esodsip ojsem
PI[OS ‘SWA)SAS 19)eMI)SEM
‘A1ddns 191eM 03 J0EdWIT
[eUWITUIW 9 P[NOM I3} Xn[Jul
uone[ndod Jouru oy 03 ang
‘PAISNEBYXO OUI0IAq SIUN [BJUT
juedea jo Ajddns Sunsixo Ji
PaJONISU0d 9q ABUI SHIUN [BIUT
[euonIppy SUroAA 1oy oSe
-IOA® O} URY) JOMO] 97" dIoM
000¢ 10 So1e1 AQUBIRA [BIUY
*A[[B00] paa1y 9q 0} pajoad

« -X9 oJe soako[dwo Jsouwr asned
-0q pajedronue are so3ueyo

aImonuserjur

jou pnom o3ueyo uonemndod <« VT QATJRUID)Y Sk dwes -oe pasodord woxy oSueyo oNf  «  uonendoduswAordud rourjy Ayunwwods pue 3uisnoy Uuo S}0LH
*QUI[OOp Pnom
SOTIUNOY INOJ O} UT WO
-Ul [eNUUE [}0) Ul UOI}ONPAI B
‘paredwios st 309fo1d oy 9oUQ
‘pajeIouad
9q pynom awoour [euosiad ur
uor[[iq 91§ porad Oz & 1040
“UOT[[TW G'G7$ PRILWINISS Uk “UOT[[TWI '/ 8$ PAILWINISS Uk “UOT[[TW 6§ PAIBWNS UE “UOT[[TWI 9 [§$ PILWITISS UL
oFeroae pinom saruedwo)) oy oFeroae pinom saruedwo)) oy oFeroae pinom saruedwo)) oy oFeroae pinom saruedwo)) oy
Jo [joiked [enuue pourquIo) <« Jo [j01ked [enuue pauIquIo)) Jo [joiked [enuue powiquIo) <« Jo [j01ked [enuue pauIquio)) soSep\ 01 S1093q
€ ¢ Ve [ 1994 [enu910d

QATIRUION Y

aAIRURIY AQ ‘S1991)T Jo Arewwns

cr—¢oldelL

saAifeula)y pue quawdo@aaq panss| ‘uonedionied dlgnd — Z Jaideyd



SI3A9 ® 0 Bdd 6L-C

uoriq 1¢°¢$ uor[iq L1°6$ uoI[[iq 96'8$ uor[[iq 87'8$ SAIEUIONY JO 150D JON
(uoneweday ‘W » O
uoI[[iq 8Z°C$ uor[iq $8°s$ uor[iq $8°6$ UOT[Iq $8°$  “SUIILIT) $1S09 SuI[puey Iajem-UON
uor[[iq €0°'1$ ="TVLOL uoI[[iq ¢ = TVLOL uor[iq ['¢$ ="TVLOL uoI[[iq $'¢ $="TVLOL
uor[Iw ¢/$ = uonoafuy oI [ § = uonoafu oI [ § = uonoafu oI 0L [$= uonoaluy
uorIw £°91¢ = AV'T UoT[IW ST 1§ =AV'T uoT[I GT1$ = AV'T UOT[I 9¢§ =AV'T (gt
UOI[IW §6$ = JUdUIUIRIUO)) UOI[[IW ET$ = JUdWUIRIUOD) UOI[[IW €97$ = JudWuIeIu0)) UOI[[IW 97 Z$= JUSWUILIUO)) PUR ‘Y7 ‘| SOANBUIY Fuowe jue)s
uoI[[I 8/ H$ = uoHEN[yU] uol[[iq 9" [§ = uonenyyu uoI[[Iq £7'7$ = uonenyuy UOI[[Iq 60’ [§ = UOHENU]  -UOD 3JE $)509 JudWdO[2AIP J3Y}0
uol[Iu £9¢§ = 931eyosI(] 9oBLING uolq[Iq 7' 1§ = 98Ieyosi(y 29ejIng uoI[Iu ()9¢§ = 931eYosI( 9oBLING UOI[[IW 56§ = 93IeYoSI(] 90BJING  [[B) ANSnpul 03 }s00 JuIpuey JoJe A\
UOI[[IW €p$ ='0D) ULPLIAYS <
uoI[Iw 069$ =0 uosuyoy <
‘Spue| ajeA UOI[[IW Z7¢§ =0 9SI0AU0D)  «
-1id pue oje)g uo Furf[LIp Woly uoriq ¢'1§ ='0) [pqdwe) <«
uona[dap 03 anp ‘sjerouru (senunod
[e19pa,] woig sajer uondonpoxd 1moj 03 pred) woIoBA PY <«
oAnE3oU 21NN UT I NS uoly[iq +'z$
Kew S[[om [eIOpd] SUI[UP JON <« = (01835 03 pred) oouBIOADS  «
X®B) WAIO[BA 'san uorp
pe ul sso[ UOI[IQ 90°'I$ <« -I[108) SUI[pUBY I3)eM JO 109 -[Iw 9°9/§ = (senunoo oy pred
XeJ, pue pquInu dy) 0} dnp paje %1 ‘0e1s 03 predo,p) xe) sojeS  «
QOUBIOADS UI SSO] UOI[[TW GEQE <« -I0Ud3 9q P[NOM SOXB] QIO <« UOI[[TW 794§ = SAN[RAOY Bl «
sonjedoy uonoy uoi|
[BIOpa UL SSO[ UO[[Iq ['€$ <« VT 9ATJRUID)Y Sk dweS pasodoid se sonjekol oweg <« -11q 1°¢§ = sanjeAoy [eIopa] <« PareIoudsd soxe) pue sonjeAoy]
£ 14 Ve I 10914 [enualod

QATIRUION Y
|

anlfeuRYY Aq 'S1094)3 Jo Arewwns  zi~za|deL

saAifeula)y pue quawdo@aaq panss| ‘uonedionied dlgnd — Z Jaideyd






